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CHAPTER 1 
Rabies is an ongoing problem in the world. In the 
United States, and specifically in the state of Florida, 
we are engaged in controlling and preventing rabies in 
humans and animalse 
As the Director of Community Health Services for the 
Brevard County Public Health Unit with the responsibility 
of dealing with rabies controlt I decided to choose rabies 
as the topic of my thesis. 
Some parts of this thesis are taken from Center for 
Disease Control (CDC.) and Health and Rehabilitative 
Services (HRS) guidelines and recommendations. I have tried 
not to change those parts. 
The remainder of the material that I have gathered and 
prepared is from several sources. 
I have emphasized rabies information in the state of 
Florida as well as rabies and the nature of rabies through-
out the United States. 
I have tried to cover all areas of rabies, and I hope 
it will be useful to all intereste~ persons. 
Historical Profile 
There has been reference to the pre-mosaic Eshnunna 
code which predates the better known code of Hammurabi of 
2 
ancient Babylon written in the 2Jrd Century B.D. There is a 
detail about the fines payable by owners of mad do gs which 
bit people, causing death. 
Celsus, in the 1st Century A~D., discussed the agent as 
a venom that can be found in the saliva, and he recommended 
cauterization in man and later Galen advised surgical 
excision. Aristotle and Democrities described the disease 
as transmittable by the bite of animals. 
One of the earlie~t documented cases of rabies in wild-
! 
life concerned a bear ln France (900 A.D.) which came out of 
the nearby forest and attacked 20 people, six of whom died. 
The earliest report of rabies in the Americas dates 
back to the 16th Century when Petrus Martyr Angelicus, the 
' first bishop of the New World, dbserved rabies as a bat-
transmitted disease fatal to man. Descriptions of the 
disease were also recorded in the colony .of Virginia in 1753. 
Since that timet its preser ce has · been evidenced throughout 
the North and South American continents. 
The transmission of r~bies f r om the saliva of a rabid 
dog to a normal do g was first recounted by Zinke in 1809; in 
1879 Galtier described the suscept: bility of rabbits to 
rabies and their use for diagnost i c purposes. 
In 1 8 01} and 181), the tra ns mission of rabi e s experiment-
ally from rabid do gs to non-rabid do gs by inocula tion of 
saliva ~as reported this way. They proved tha t the d i s ea se 
J 
is infectious and in 1876, Scandinavian countries success-
fully brought the disease under control by destruction of 
stray dogs. 
By 1903, Great Britain had eradicated the disease and 
has remained free of it with the exception of two intro-
ductions. Pasteur worked on the disease and production of 
vaccine. He established the rabbit as an experimental host. 
Pasteur's vaccines successfully immunized dogs and served a·s 
a post-exposure prophylaxis for humans. In 1921, Umeno and 
Doi in Japan developed the phenolized vaccine in a dog and 
Semple and others prepared an improved vaccine for humans. 
CHAPTER 2 
Infective Agent 
The morphology of the rabies virus particle has been 
further studied in cell cultures and tissues from infected 
animals. Rabies virus has been classified on a morpho-
logical basis as a rhabdovirus, a group that includes many 
viruses from mammals, reptiles, fish, insects, and plants. 
By electron microscopy, the virions appear as rod-like 
particles usually with one round and one flat end. This 
gives them a "bullet-like" shape with a fairly constant 
diameter of 75-80 nm and a length of 180 nm. The length may 
vary under different conditions of replication. The virion 
is composed of a helical nucleocapsid surrounded by a 
membrane bearing surface spikes that have a knoblike 
structure at the distal end. The membrane does not com-
pletely cover the flat end of the virion. By a negative 
staining technique, it is occasionally possible to reveal 
a distinct surface arrangement of hexagons forming a honey-
comb. The nucleocapsid is a single-stranded right-handed 
helix. 
Rabies virus contains at least four major protein 
components detectable by electrophoretic fractionation. 
The component with the largest molecular weight (80,000 amu) 
is a glycoprotein that constitutes the protein moiety of the 
spikes protruding from the viral envelope. The second 
4 
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largest polypeptide (M.W. 62,000 amu) corresponds to the 
protein of the viral nucleocapsid. The protein moi e ty of 
the nucleocapsid isolated from infected cells is identical 
with that of the virion. The ~emaining components (M.W. 
40,000 amu and 25,000 amu are constituents of the virus 
membrane. 
Rabies virus RNA is single-stranded, with a molecular 
weight of 4.6 x 106 amu and a sedimentation coefficient of 
45 s. It can be isolated from virions, virion-derived 
nucleocapsids, and cell-derived free nucleocapsids. The 
nucleocapsid and viral RNA are noninfectious parts. 
The gross chemical composition of Flury HEP strain has 
been estimated to be approximately 74% protein, 1% RNA, 22% 
lipids, and J% carbohydrates. Of the total protein, about 
one-third is considered to be with the nucleocapsid, almost 
half with the glyco-protein, and the rest with the two 
remaining membrane proteins. 
Rabies virus is rapidly inactivated by lipid solvents 
and Oel~ trypsin. The virus is relatively stable at pH 5-10 
4°c, but inactivated rapidly at pH~J or 211. Virus suspended 
in 0.1% bovine serum albumin at near neutral pH is inactivated 
with a half-life of about 4 hat 4o0c and about 35 seconds at 
6o 0c, but it is stable for several days at 0-4°c and for 
several years when frozen at -700c or freeze-dried and held 
at 0-4°c. 
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Rabies virus particles contain two distinct, major 
antigensa a glyco-protein antigen from the virus membrane 
and an internal nucleo-protein antigen. The glyco-protein 
seems to be the only antigen capable of inducing the forma-
tion of virus-neutralizing antibodies and protecting animals 
against subsequent challenge with rabies virus. The nucleo-
protein antigen induces the formation of antibodies demon-
stratable by the complement fixation and precipitation 
techniques. · This antibody is also responsible for immuno-
chemical (fluorescent and peroxidase) staining of rabies 
virus-specific antigens present in infected cells; it is 
devoid, however, of virus-neutralizing activity. Animals 
immunized with nucleoprotein antigen are not protected 
~ 
against challenge infection. The nucleoprotein antigens of 
different rabies viruses have been shown to be closely 
related and are considered to represent the group-specific 
antigen of the rabies group of rhabdo-viruses. 
Some inhibitors of DNA synthesis, such as arabinosyl 
cytosine, actinomycin D, or, occ~sionally, rifampicin, 
cause a decrease of rabies virus yields in cell cultures. 
The mechanism by which these drugs exert their antiviral 
effect is unknown and deserves further research, 
Replication of rabies virus can be inhibited in cell 
cultures treated with exogenous interferon. Live rabies 
virus and concentrated inactivated rabies vaccine are 
7 
capable of inducing interferon both in vivo in experimental 
animals and in vitro in cell cultures. 
Rabies virus was believed not closely related to other 
viruses, however, recent serologic studies have demonstrated 
that it has anti-genie similarities to other viruses, 
especially the Lagos bat and the Mokola shrew from Africa. 
These viruses, although distinct from each other, comprise 
the rabies serogroup of the rhabdovirus (Shope and Tignor 
1971). 
It has been shown recently that "classical" rabies 
viruses and several other viruses isolated from the African 
continent contain a common nucleoprotein antigen that can be 
detected by fluorescent antibody, complement fixation, and 
precipitation techniques. They differ significantly, however, 
when tested by virus-neutralization and cross-protection 
techniques, indicating that the membrane proteins are 
different. On the basis of these findings these viruses 
can be tentatively classified as follows: 
RABIES-GROUP OF RHABDOVIRUSES 
Serotype 1: Prototype strain CVS, including the majority of 
field and laboratory strains from different 
parts of the world and · the newly recognized 
rodent isolates from areas in Central Europe. 
Serotype 2: Prototype strain Lagos Bat, isolated from 
pooled brains from fructivorous bats in Nigeria. 
8 
Serotype Jz Prototype strain ~okola, isolated on several 
occasions from shrews and from man. 
Serotype 4z Strains not yet classified, isolated from a 
horse in Nigeria and from culicoides spp, and 
Mansonia uniformis mosquitoes. 
Rabies viruses have also been classified as: 
1. Street-virus recovered in nature with variable long 
incubation period with ability to invade salivary glands, as 
well as central nervous system. 
) 2. Fixed-virus has been adapted to laboratory animals 
by means of serial intracerebral passage with a short incu-
bation period (four to six days) and inability to multiply in 
salivary glands. 
Transmission 
Transmission by bloodsucking arthropods has not been 
demonstrated (Bell and Burgdorfer 1957). The usual route of 
transmission is by the bite of the infected animal, which 
introduces saliva containing the virus into the body of the 
susceptible host. 
Inhalation of virus-bearing aerosols under special 
conditions (Constantine, D.G. 1962) has been reported to be 
one of the rare routes of transmission. 
Transmission may also be accomplished by ingestion of 
infective material or transplacentally. Human infection by 
9 
aerosol has resulted from natural exposure (freetail bat 
virus) as well as from laboratory exposure during vaccine 
preparation (fixed virus) and wild carnivores held in some 
bat caves. 
Oral infection of rodents, foxes, and skunks has been 
demonstrated in the laboratory infection of animals by the 
oral route via breast milk. Consumption of dead rabid 
animals has been reported and occurs independently of the 
breaks in integrity of oral mucosa (Johnson, R.T. 1971). 
There is a scarcity of information regarding trans-
placental infection (Verts, B.J. 1967). Transmission of 
rabies by tissue transplant in humans (cornea transplant) 
has been reported. 
Susceptibility of Host Species 
Susceptibility of animals to rabies is influenced by 
the quantity of virus introduced into the animal, the site 
of the bite of infection, the age of the animal, and the 
properties of the virus strain involved. The evidence now 
available indicates that it is possiqle to cate gorize many 
animal hosts as their susceptibility to rabies infection 
based on the dose of virus injected a nd using a limited 
number of viruses isolated (see Table 1). 
TABLE lo ANIMAL SUSCEPTIBILITY TO RABIES INFECTION 
EPIDEMIOLOGICAL EVIDENCE ONLY 
SUSCEPTIBILITY 
EXTREMELY HIGH HIGH MODERATE LOW 
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Foxes Hamsters 
Skunks 
Raccoons 
Domestic cats 
Bats 
Dogs 
Sheep-i't-
Goa tsi~ 
Horses 
Nonhuman 
.Opossums 
Coyotes 
Jackals* 
Wolves* 
Kangaroo rats 
Cotton rats 
Common field 
voles 
Bobcats 
Mongooses* 
Viverridae 
Guineapigs 
Other rodents 
Rabbits 
Cattle 
primates 
*Unless otherwise indicated, based on the intramuscularly 
inoculated dose required to infect at least 50% of the 
animals 
SOURCE: Based on World Health Organization (WHO) Expert 
Committee on Rabies, Sixth Report, Geneva 1973. 
Pathogenesis of Infection 
Location of the virus during the incub_ation period and 
following intra-muscular or subcutaneous inoculation has not 
been precisely determined, although it may invade and multi-
ply in muscle tissue. Determination of the site of freshly 
introduced virus may provide the key to improved postexposure 
treatment and the explanation for its efficacy. It seems 
that the virus replicates in the muscle cells or myocytis at 
the site of introduction (Murphy, F.a. et al. 1973). Virus multi-
plication at the site of introduction may not be necessary 
to initiate infection. The virus may replicate again in 
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neuromuscular and neurotendinal spindles near the site. It 
is thought that the virus invades the .nervous tissue within 
a relatively short time of exposure. The virus is trans-
planted via nerves to the central nervous system innervating 
the inoculation site with replication occuring in the axons 
(Murphy, F.A. 1973), moving along the nerves at about 3 mm/ 
hour (Dean, D.T. 1963), with replication continuing in 
ipsilateral ganglian cells. 
After initial invasion of the central nervous system, 
the virus appears to disseminate rapidly. Its selectivity 
of susceptible cells is unique. Meningeal, ependymal, 
vascular endothelial and glial cells appear not to be 
infected whereas neurons of the spinal cord, brain stem, 
hippocampus, septal nuclei, and limbic cortex appear 
vulnerable. In the cerebellum only the Purkinje cells of the 
cortex are infected; neuronal selectivity may not be absolute, 
however, since electron micrographs have revealed evidence of 
virus replication in the cytoplasm of astrocytes. The virus 
is released from neuronal cells by budding from the cell 
membranes (Iwasaki, Y. et al. 1975). 
The infection appears to develop in the salivary glands 
after central nervous system infection. The assumption is 
that the virus moves into the glands from the nerves, and 
since the amount detected there may exceed that in the brain, 
it must retain the capacity to replicate. 
12 
Dierks demonstrated virus development only in acinar 
epithelial cells with release of particles into the human. 
Late in the disease the virus may also be isolated in a 
variety of body tissues and blood, and this possibly repre-
sents centrifugal spread (Duenas, A. et al. 1973). 
Studies following infection with the virus by the oral 
or respiratory route suggest that distribution of replication 
appears to differ from that occurring after intramuscular or 
subcutaneous inoculation. There is little evidence, however, 
to indicate the existence of a different pathway of penetra-
tion to the central nervous system. Further studies should 
clarify these observations (Johnson, R.T. 1971). 
There is increasing evidence that following infections 
of the central nervous system, the virus may multiply in 
tissues such as salivary and other glands, kidneys, brown 
fat, and in some species, muscles and lungs. 
Pathology 
Rabies infection does not elicit gross pathologic 
alterations evident during postmortem examination. Histo-
pathologically, lesions of the central nervous system are 
inflammatory. Usually there is more damage to the pons, 
medulla, brain stem, and thalamus than to other parts of 
the brain. Alterations appear as nuclear and cytoplasmic 
degeneration of the neurons, neuronophagia, and diffuse 
gliosis. Frequently there is evidence of petechial 
13 
hemorrhage around the blood vessels and perivascular cuffing . 
Ne gri bodies in the neurons of infected animals are considered 
positive proof of rabies infection. These bodies or corpus-
cles are inclusions in the cyt~plasm of the nerve cells. 
Incubation Period 
Definitive incubation periods in animals especially in 
natural infections, are difficult to determine, ranging from 
10 to 209 days (Debbie, J.G. 1974) , The incubation period 
in the majority of human rabies cases is three to eight weeks 
following exposure. The infection has been known to appear 
in humans as long as· eight months or more than three years 
after exposure. Incubation periods of six months or more 
have been reported in 4% to 10% of more than 500 human cases 
(Debb ie, J~G. 1974). The reason for the prolonged incubation 
period remains obscure. However, there is some correlation 
between dose of virus and length of incubation period with 
the possibility of being influenced by the distance from the 
site of virus entry to the central nervous sys~em (Debbie, 
J.G. 1974). 
Period of Communicability 
In dogs and most other biting animals the period of 
communicability was three to five days before the onset of 
clini cal si gns as well ~s durin~ ~he course of the disease. 
Bats ~nd other wildlife species ~ay shed virus for weeks 
without evidence of illness. 
J 
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Clinical Manifestations in Humans 
In man the prodromal phase is marked by fever, anorexia, 
headache, malaise, nausea, and sore throat. Abnormal sensa-
tions around the site of infection, such as intermittent 
pain, tingling or burning are of diagnostic significance. 
Extreme stimulation of the general sensory system is mani-
fested by hyperesthesia of the skin to temperature changes 
and to drafts, and by acute sensitiveness to sound and light. 
Other symptoms include increased muscular tonus, prompt gag 
and corneal reflexes, dialation of pupils and increased 
salivation. 
As the disease progresses, spasmodic contractions of the 
muscles of the mouth, pharynx and larynx on drinking and later 
at the mere sight of fluid are observed in the majority of 
cases. This dysfunction of deglutition gave the disease its 
common name, hydrophobia, or fear of water. Spasms of 
respiratory muscles and convulsive seizures leading to 
opisthotonos also may occur. The pulse is very rapid. 
Periods of irrational and often maniacal behavior are inter-
spersed with those of alertness and responsiveness. Paralysis 
of the muscles of phonation may lead to hoarseness or loss of 
voice. However, in many cases it gives way shortly before 
death to cessation of muscle spasms, hyporeflexia or 
areflexia, and to general paralysis of the flaccid type. 
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In rabies in man resulting from vampire bat infection, 
the excitation phase is almost totally absent, and the dis-
ease is characterized by ascending paralysis without 
hydrophobia. Without an adequate history of exposure, 
this type is indistinguishable from other viral encephalitides, 
and the diagnosis may be overlooked. 
Prognosis: It is accepted that rabies infection in 
mammals terminates in death after the onset of clinical 
disease. However, nonfatal or abortive infections have been 
docu~ented ·largely for animals, particularly mice experi-
mentally infected with modified virus strain (Debbie, J.G. 
1974). 
Human recovery from rabies infection is rare and 
questionable, but has reported only through the intervention 
of intensive medical care (Hattwick, M.A. et al. 1972). 
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DIAGNOSTIC TEST 
Florescent Antibody Test 
In the hands of competent, well-trained technicians, 
the fluorescent antibody test is the best single test 
currently available for the rapid diagnosis of rabies. 
It is based upon the microscopic examination of tissue 
specimens for specific fluorescent staining when the tissue 
is placed in contact with anti-rabies serum that has been 
labelled by the addition of a fluorescent dye. Fluorescence 
is a visual evidence of specific antigen antibody reaction. 
This test is highly specific for diagnosis and takes 
only a few hours. The use of live vaccines does not inter-
fere with the laboratory diagnosis of rabies by fluorescent 
antibody test. Recently, the fluorescent antibody test has 
been used to detect rabies infection during the life of 
animals. This is based on demonstration of rabies virus 
antigen in corneal impressions, mucusal scrapings, and skin 
sections. The positive test is indicative of rabies 
infection, but a negative result cannot rule out the 
existence of rabies. 
Immunoperoxidase Reaction 
The direct and indirect immunoperoxidase staining 
techniques for detection of rabies antigen may prove to 
be as valuable as the fluorescent antibody technique. 
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Virus Isolation 
Intracerebral mouse inoculation compiled with fluores-
cent antibody test or the microscopic examination of brain 
tissue for negri-bodies is one of the most useful tests for 
diagnosis of rabies and should be used whenever humans have 
been bitten by suspect animals and the fluorescent antibody 
test is negative. 
Virus Neutralization 
The plaque reduction technique in agarose-suspended 
BHK-21-SlJ cells is now used in several laboratories for 
evaluating the level of virus-neutralizing antibody. This 
method has been shown to be more sensitive in detecting 
early antibodies and results have proved to be in complete 
correlation with those of the classical technique of intra-
cerebral mouse inoculation. The major advantage of this 
new procedure is that a final result may be obtained in 
five to six days instead of the 12-14 days necessary to 
complete the virus-neutralization test in the mouse. 
A rapid neutralization test in cell cultures has been 
developed using a immunofluorescence technique to detect 
the presence of non-neutralized viru~ 24 hours following 
exposure of BHK-21 cells to a virus-serum mixture. 
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Passive Haemagglutination 
This method has been evaluated by testing human sera 
following a prophylactic immunization. Results correlated 
well with those obtained with the virus-neutralization 
technique performed by mouse inoculation. 
Haemagglutination Inhibition (HAl) 
The results of this method and of the virus-neutraliza-
tion test are comparable, although the sensitivity of the 
HA1 test in detecting low levels of antibodies seems to be 
inferior. 
Complement Fixation 
The complement fixation test can be used for the 
quantitative assay of antibody.. However, in most compara-
tive studies it has been found that this test is less 
sensitive than the virus-neutralization test, especially 
in the detection of early vaccine response or the titration 
of long-standing residual titres. 
Indirect Staining 
Indirect fluorescent antibody staining has been success-
fully employed for the detection and ·quantitative assay of 
peripherally circul a ting antibody. The co r relation of 
antibody levels detected by this method with the level of 
neutralizing antibody may, however, be impa ired by the 
presence of antibody induced by nucleoc a psids only. 
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Radioimmune Procedure for Rabies-Binding Antibodies 
A radioimmune assay procedure using 1251-labelled virus 
for the detection of rabies antibodies has been described. 
The test serum is made to react with the radioactively 
labelled virus, the complex is precipitated by anti-
immunoglobulin, and the radioactivity of the sediment is 
determined. This procedure has been shown to be more 
sensitive than the virus-neutralization test in detecting 
a specific antibody. 
Immune Lysis of Rabies Virus Infected Cells 
Cells in culture infected with rabies virus are lysed 
after exposure to rabies antibody and complement. Lysis is 
demonstrated by the counting of cells stained with trypan 
blue, by the colony inhisition technique, or by release of 
chormium-51 from labelled cells. 
Both lytic and neutralizing antibodies have been found 
in the IgG fraction of human and mouse serum. Study of the 
sera of animals either immunized against rabies or in the 
incubation stage of the disease have shown, however, that 
lytic and neutralizing antibody titres can vary independently. 
CHAPTER 3 
PROPHYLAXIS AND TREATMENT 
Treatment of Confirmed Rabies in Man 
Although rabies encephalomyelitis in man has until 
recently almost inevitably ended fatally, it is the feeling 
that modern means of treatment might provide some hopes for 
recovery. A rabid patient should be isolated in an intensive 
medical care unit and treated along the following lines: 
1. Relieve anxiety and pain by liberal use of sedatives 
in a quiet environment. 
2. Ensure respiratory function by means of tracheotomy 
and artificial respiration. 
If spastic muscular contractions are present, use 
·" 
drugs with a curare-like action. 
4. Ensure hydration and diuresis by intravenous perfu-
sions and the administration of diuretics. Cardiac failure 
should be prevented by constant monitoring. 
Personnel attending rabid patients should be warned 
against possible contamination, and should wear goggles, a 
mask, and rubber gloves. 
P~e-Exposure Treatment 
Pre-exposure prophylaxis is given for several reasons. 
First, it may provide protection to persons with inapparent 
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exposures to rabies. Second, it may protect persons whose 
postexposure therapy might be delayed. Finally, although 
it does not eliminate the need for additional therapy after 
a rabies exposure, it simplifies therapy by eliminating the 
need for globulin and decreasing the number of doses of 
vaccine needed. This is of particular importance for 
persons at high risk of being exposed in countries where 
the available rabies immunizing products may carry a higher 
risk of adverse reactions. 
Pre-exposure immunization does not eliminate the need 
for prompt postexposure prophylaxis following an exposure. 
It only reduces the postexposure regiment. 
Pre-exposure immunization consists of three doses of 
Human Diploid Cell Vaccine (HDGV) 1.0 Ml intramuscular 
preferred area Delcid, one each day O, 7, and 28. As an 
alternative the vaccine can be administered intradermally. 
Administration of routine booster doses of vaccine depends 
on exposure risk category as noted by Centers for Disease 
Control (see Table 2). 
' Pre-exposure immunization of immune-suppressed persons 
is not recommended. Where HDCV is not available, two 1 Ml 
subcutaneous injec·tions of duck embryo vaccine (DEV) should 
be given one month apart, followed by a booster six to seven 
months after the second injection. 
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TABLE 2 
CRITERIA FOR PRE-EXPOSURE IMMUNIZATION 
1984 
RISK CATEGORY: 
NAT URE OF 
RISK: 
TYPICAL 
POPULATIONS: 
PRE-EXPOSURE 
REGINIEN 
RISK CATEGORY1 
NA1rURE OF 
HISK: 
TYPICAL 
.POPULATIONS: 
.PRE-EXPOSURE 
REGIMEN: 
Continuous 
Virus present continuously, often in high 
concentrations. Aerosol, mucous membrane, 
bite, or nonbite exposure possible. 
Specific exposures may go unrecognized. 
Rabies research lab workers.* Rabies 
biologics production workers. 
Primary pre-exposure immunization course. 
Serology every 6 months. Booster immuni-
zation when antibody titer falls below 
acceptable level.* 
Frequent 
Exposure usually episodic, with source 
rec.ognized, but exposure may also be 
unrecognized. Aerosol, mucous membrane, 
bite, or nonbite exposure. 
Rabies diagnostic lab workers,* spelunkers, 
veterinarians ,and animal control and wild-
life workers in rabies epizootic areas. 
Primary pre-exposure immunization course • 
Booster immunization or serology every 
two years.** 
* Judgment of relative risk and extra monitoring of immuni-
zation status of laboratory workers is the responsibility 
of the laboratory supervisor (see U.S. Department of 
Health and Human Service's Biosaf~ty in Microbiological 
and Biomedical Laboratories, 1984). 
Pre-exposure booster immunization consists of one dose of 
HDCV, 1.0 ml/dose. IM (deltoid area). Acceptable anti-
body level is 1:5 titer (complete inhibition in RFFIT at 
1:5 dilution). Boost if titer falls below 1:5. 
TABLE 2 
CONTINUED 
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CRITERIA FOR PRE-EXPOSURE I VIMUNI ZATION 
1984 
RISK CA'rEGORYz 
NATURE OF 
RISKi 
'11YPICAL 
POPULATION2 
PRE-EXPOSURE 
REGIIv'IEN: 
RISK CATEGORY: 
NNrURE OF 
RISK: 
TYPICAL 
POPULA'rIONS: 
PRE-EXPOSURE 
REGIMEN& 
Infrequent (greater than population-at-large) 
Exposure nearly always episodic with source 
recognizedc Mucuous membrane, bite, or 
nonbite exposure. 
Veterinarians and animal control and wildlife 
workers in areas of low rabies endemicity. 
Certain travelers to foreign rabies epizootic 
areas. Veterinary students. 
Primary pre-exposure immunization course. No 
routine booster immunization or serology. 
Rare (population-at-large) 
Exposure always episodic, mucous membrane, or 
bite with source recognized. 
U.S. population-at-large, including indi-
viduals in rabies-epizootic areas. 
No pre-exposure immunization. 
SOURCE: Center for disease control 
When bitten by a rabid animal, a person who has undergone 
pre-exposure prophylaxis should receive two doses of HDCV, one 
immediately and another three days later, or five daily doses. 
Hyperab or equine serum need not be given in this case since 
the body already has its own store of pre-formed antibody and 
extra protection is not required. 
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Domestic Anirral Bites 
The need for prophylaxis following bites from domestic 
dogs or cats varies from region to region. If the bite is 
provoked and the dog or cat is healthy and available for a 
10-day observation, treatment should not be given unless the 
animal develops signs of illness. Symptomatic animals should 
be killed immediately and tested for the presence of rabies 
virus. The animal's head should be removed and shipped under 
refrigeration to the local health department or other quali-
fied laboratory. If the animal is a stray or unwanted dog 
or cat, even if well, it should be killed and tested. In a 
situation where the condition of the dog or cat is unknown 
t 
and it has escaped, but the bite was provoked, tre~trnent can 
be dispensed with if the region is urban and known to be 
rabies-free. However, treatment probably should be given 
if rabies is present in wildlife in the nearby areas. 
Accidental Inoculation with Modified Live Rabies Vaccine 
Individuals may be accidentally exposed to attenuated 
rabies while administering modified live rabies virus (MLV) 
vaccines to animals. While there have ·been no reported 
human rabies cases resulting from exposure to needlesticks 
or sprays with licenses MLV vaccines, vaccine-induced 
rabies has been observed in animals given MLV vaccines. 
Absolute assurance of a lack of risk for humans, therefore, 
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cannot be given. The best evidence for a low risk, however, 
is the absence of recognized cases of vaccine-associated 
disease in humans despite frequent accidental exposures. 
Currently available MLV animal vaccines are made with 
one of two attenuated strains of rabies virus: high egg 
passage (HEP) Fluty strain or Street Alabama Dufferin (SAD) 
strain. The HEP Fluty and SAD virus strains have been used 
in animal vaccines for over 10 years without evidence of 
associated disease in humans: therefore, postexposure 
treatment is not recommended following exposure to these 
types of vaccine by needlesticks or sprays. 
Because the data is insufficient to accessment of the 
true risk associated with any of the MLV vaccines, pre-
exposure immunization, and periodic boosters is recommended 
for all persons dealing with potentially rabid animals or 
for those who frequently handle animal rabies vaccines. 
Wild Animals: Skunks, foxes, bats, raccoons, coyotes, 
and bobcats are the most significant wild animal sources of 
the virus in the United States. In cases of exposure to one 
of these wild animals, the animal should be regarded as 
rabid until proven negative by laboratory tests, and pro-
phylaxis should be begun immediately. When prophylaxis of , 
exposed humans has been initiated and subsequent testing 
shows that the animal is negative for the rabies virus, 
treatment can be discontinued. Si gn s of rabies in wild 
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animals cannot always be detected when animals are excreting 
viruses in saliva. Skunks may shed virus for up to 18 days 
before showing any signs of illness except aggressiveness. 
The same appears to be true of bats. 
Rodents: Most authorities believe that rabies is not 
common in rodents, and that rodents are not important 
sources of infection for humans. While people who have 
been bitten by mice, rats, hamsters, chipmunks, squirrels, 
rabbits,' shrews, and moles often seek rabies prophylaxis, 
such exposure does not warrant prophylaxis unless the rodent 
has been captured and is shown to be rabid. 
Florida Division of Health Recommendations 
Based on the rarity of incidents of naturally occurring 
rabies in rodents and rabbits in the United States as in 
Florida and the complete absence of reports of human cases 
of rabies resulting from rodent and rabbit bites, rabies 
immunization should not be instituted in cases of rodent or 
rabbit bites unless extraordinary considerations suggest the 
possibility of a greater than usual risk of rabies exposure. 
Any animal that exhibits bizarre behavior or obvious illness 
prj.or to a bite would suggest the possibility of greater 
than usual risk. This would be particularly true of free-
ranging wild or recently captured and caged rodents indige-
nous to the United States such as chipmunks and flying or 
gray squirrels that bite during an unprovoked attack. Such 
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Such situations would warrant a laboratory examination of the 
immediately killed animal. On the other hand, many of the 
bites that occur during the feeding and handling of rodents 
and rabbits do not constitute a hi gh risk. Caged pets such 
as white rats, mice, gerbils, hamsters and guinea pigs are 
of little or no risk to the individual bitten. 
Rationale of Treatment 
Answers to the following questions should indicate the 
appropriate course of action. 
Has the animal's saliva entered the patient's body? 
If the patient was not bitten, scratched, or licked on an 
open wound or mucous membrane, then there is yery little 
risk that the rabies virus has entered his body. (One 
exception to this is aerosol transmission via the respira-
tory tract that has occurred in bat caves.) 
What was the vaccination status of the animal? The 
chances of contacting rabies from a properly vaccinated 
animal is minimal~ However, domestic animal vaccines vary 
. ~f · in e~ icacy. If an animal's behavior suggests it may be 
rabid, a veterinarian should be consulted about the vacci-
nation. 
Is the animal likely to be r abid? Carnivorous animals 
(especially raccoons, skunks, foxes, dogs, and cats) and 
bats are more likely than non-carnivorous animals to be 
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infected with rabies. Rabbits, squirrels, chipmunks, mice, 
and other rodents are rarely rabid. 
Local or state health officials can be consulted for 
current recommendations on anti-rabies treatment for bites 
by particular species. If they state that there is no 
rabies infection in a domestic species within a given geo-
graphic region, than it is unlikely that rabies will be 
contacted. 
Was the animal provoked? Most wild animals avoid 
contact with people. Therefore, any wild animal that bites 
a person should be considered rabid. The only exceptions 
to this are rabbitst squirrels, mice, and other rodents who 
almost never carry the disease. Any bite inflicted while 
attempting to handle or feed an apparently healthy doCTestic 
animal should generally be regarded as provoked. 
Unprovoked bites inflicted by domestic animals are more 
difficult to evaluate. An attempt should be made to determine 
the natural behavior of the animal. For example, some dogs 
are trained to act aggressively toward strangers who enter 
their owner's yard or home. A bite inflicted under these 
circt~stances would generally be regarded as provoked. Or, 
a dog who bites a postman may have chased him on numerous 
occasions before being successful. This animal's behavior 
would generally be regarded as natural. But a normally 
friendly animal who bites without apparent provocation should 
be regarded as behaving unnaturally. 
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Postexposure Prophylaxis 
The essential components of rabies postexposure pro-
phylaxis are: 
a. Local Treatment, and 
b. Immunization (globulin and vaccine). 
Postexposure anti-rabies immunization should always 
include administration of both antibody and vaccine with one 
exception: a person who has been previously immunized with 
recommended pre-or post-exposure regimen with anti-rabies 
vaccine and documented adequate rabies antibody titer 
should receive only vaccine (See Tables 3 and 4). 
Human Diploid Cell Rabies Vaccine (HDCV) is inactivated 
virus prepared from fixed rabies virus growth in: 
a. wi-38 - Wyth Laboratories, U.S. (WYVACR) ~ 
b. MRC-5 - Merieux Institute (IMOVAXR) 
Both are supplied 1.0 ml single dose vial. Active immuniza-
tion requires seven to ten days to develop and may persist 
for a year or more. 
Duck embryo vaccine is no longer available in the 
United States. Painful reaction occurs in almost all persons 
rec eivirg DEV (See Table S). 
Many developing countries use inactivated nerve tissue 
vaccines (C'fV) or inactivated suckling mouse brain vaccine 
(SMBV). Anaphylactic reactions are 1/2000 for NTV and 
1/8000 for SNlBV. 1rhe cost for HDCV is $50. 00 per dose and 
DEV is ~s.oo per dose. 
TABLE 3 
RABIES POSTEXPOSURE PROPHYLAXIS 
JULY 1984 
Domestic Animal Speciesz Dog and Cat 
GUIDE 
Condition of Animal Treatment of 
at Time of Attack Exposed Person* 
JO 
Healthy and available for None, unless animal develops 
10 days of observation rabies** 
Rabid or suspected rabid RIG**"(- and HDCV 
Unknown (escaped) Consult public health offi-
cials. If treatment is 
indicated, give RIG and HDCV. 
Wild Animal Speciesi Skunk, bat, fox, coyote, raccoon, 
bobcat, and other canivores 
Condition of Animal Treatment of 
at Time of Attack Exposed Person~ 
Regard as rabid unless RIG.;~** and HDCV 
proven negative by 
labaratory tests~ 
Note: The animal should be killed as soon as possible. 
Holding for observation is not r~commended. 
Other Animal Species: Livestock, rodents, and lagomorphs 
(rabbits and hares) 
Condition and Treatment: Consider individually. Local 
and state public health officials should be consulted on 
questions about the need for rabies prophylaxis. Bites 
of squirrels, hamsters, guinea pigs, gerbils, chipmunks, 
rats, mice, other rodents, rabbits and hares almost never 
call for anti-rabies prophylaxis. 
* All bites and wounds should immediately· be thoroughly 
cleansed with soap and water. If anti-rabies treat-
ment is indicated, both rabies immune globulin (RIG) 
and human diploid cell rabies vaccine (HDCV) should 
be given as soon as possible, regardless of the 
interval from exposure. Local reactions to vaccines 
are common and do not contraindicate continuing treat-
ment. Discontinue vaccine if fluorescent-antibody 
tests of the animal are negative. 
** During the usual holding period 0£ ten days, begin 
treatment with RIG and HDCV at first sign of rabies 
in a dog or cat that has bitten someone. The sympto-
matic animal should be killed immedia tely and tested. 
*** If RIG is not available, use anti-rabies serum, equine 
(ARS). Do not use more than the recommended dosage. 
SOURCE: Center for Disease Control, U.S. Public Health 
Service 
TABLE 4 
PROPHYLAXIS TABLE 
Was person bitten or 
licked on an open ----~> NO----~) None 
wound by a possibly 
rabid animal? 
i 
YES 
t 
Is rabies known or Consult public 
Jl 
suspected to be present ----) NO -,....----1> heal th official. 
in the species and area? If treatment is 
~ indicated, give 
YES globulin and 1 vaccine. 
Was animal captured? 
l 
Yf S 
----1) NO ----~>Immune globulin 
and vaccine 
Was the animal normally >NO >None 
behaving vaccinated dog~ /1 
or cat? YES NG 
~ ~ ~ 
NO Did animal become 
ill under observation 
during next ten days? 
l 
YES 
Does laboratory ~ 
exa'.llination of / 
brain by fluorescent . . ) NO----?) None 
antibody confirm ~ -
rabies? ~ YES--~_.,> Immune globulin 
and vaccine 
SOURCE: Center for Disease Control, u. s. Public Health 
Service 
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Local Treatment 
Proper treatment of the wound has been shown to be the 
most effective means of preventing rabies. 
1. The wound should first be cleansed with 20% solution 
for at least 10 minuteso 
2o Mechanical flushing of the wound with water, 50-70% 
alcohol, benzalkonium (zephiran), cetrimonium 
(cetavlon) 1% or similar detergents are as effective 
as cauterization. Tincture of iodine and theomerral 
or quaternary ammonium compounds have shown definite 
rabicidal action. 
J. Infiltration with local anesthetics is not contra-
indication. 
~-. The wound should be debrided, if necessary, but it 
should not be sutured or cauterized. 
5. Creams of ointments should never be used, as they 
may occlude the wound and prevent drainage. 
6. If there is a fear that bacterial invasion .has taken 
place, systemic treatment may be used. 
7. Where indicated, institute antitetanus procedures. 
8. Apply anti-rabies serum by careful instillation in 
the depth of wound and by infiltration around the 
wound. 
TABLE 5 
VACCINE 
HU~AN DIPLOID CELL 
VACCINE (HDCV) 
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DUCK EiVIBRYO 
VACCINE (DEV)* 
_ _ , ________ .....___,_ ________ , ___________________ . 
Number of 
1-ml doses 
Interval 
between 
doses 
Route of 
administration 
If no antibody 
response to 
primary series 
give:*** 
5** 
1 dose/day to be 
given on days O, 
3~ 7, 14, and 28. 
Intramuscular 
An additional 
booster 
2J 
1 dose/day for 21 
days followed by a 
booster on day 31 
and day 41 or 
2 dose/day for the 
first 7 days, 
followed by 1 dose/ 
day for 7 days, 
then one booster on 
day 24 and another 
on day 34 
Subcutaneous 
J doses of HDCV 
at weekly interval 
*Duck embryo vaccine recommended only when HDCV is not 
availableo 
**Sixth dose at 90 day postexposure is recommended by the 
World Health Organization. 
*·*Routine post-vaccination serologic is not recommended. 
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Globulin 
Human rabies immune globulin (RIG) obtained from: 
a. Human Cutter Laboratories (HyperabR), PREFERRED. 
b~ Merieux Institute (ImogamR). 
Both standardized to contain 150 international units 
(IU) per ml supplied in 2 ml (JOO IU) and 10 ml (1500 IU). 
Dosage: 20 IU/kg or 9 IU/lb ml~ 
kg_( weight) x 20 
150 or 
lb x 2 
150 
If anatomically feasible, up to half the dose intramuscularly. 
Anti-rabies serum - Equine (ARS) obtained from horses 
(SCALVOR)~ Standardized to contain 1000 IU per vial (5 ml). 
If RIG is not available within 24 hours after exposure, then 
Equine anti-rabies serum (ARS) 40 IU/kg or 18 IU/lb should be 
administered intramuscularly. 
Anaphylactic reaction may occur. Testing for sensi-
tivjty to equine serum should be performed. Serum sickness 
is possible in over 40% of adults and 15% in childrene ARS 
should only be used if RIG caru1ot be obtained. 
Both globulins provide rapid passive immune protection 
whi c h persists for a shor~ period of time 1ith a half-life 
of a.bout 2.1 days.. Globulin should not be- used after eight 
days of vaccination ~nd should not be used at more than 
recommended dosageo 
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Adverse Reactions 
Rabies I mmune Globulin, Human -- Local pain and low-
grade fever may follow receipt · of RIG. Although not reported 
specifically for RIG ~ angi oneurotic edema, nephrotic syndrome, 
and anaphylaxis have been reported after injection of immune 
serum globulin (ISG)e These reactions are not clear. 
Anti-rabies serum, Equine -- ARS produces serum sickness 
in at least 40% of adult recipients. Reaction rates for 
children are lower. Anaphyiactic reactions may occur. When 
RIG is not available, and ARS must be used, the patient 
should be tested for sensitivity to equine serum. 
Management of Adverse Reactions to Vaccine 
Once initiated, rabies prophylaxis should not be inter-
rupted because of local or mild systemic adverse reactions to 
rabies vaccine. Usually such reactions can be successfully 
managed with anti-inflammatory and antipyretic agents 
(aspirin, for example ) . 
When a person with a history of hypersensitivity must be 
g i v en rabies vaccine, antihistamines may be g iven, epinephrine 
should be read i ly availabl e to count eract anaphylac t ic 
reactions, and the person s hould be care full y obs e rved 
immediately after the immunization (See Tabl e s 6 a nd 7). 
Serious systemic anaphylactic or neuroparaly~ic reactions 
occurring during the administration of the rabies vaccine 
pose a serious dilemma for the attending physi c ian. A 
'f'ABLE 6 
SIGNS AND SYMPTOMS IN THREE COHORTS REPORTING PRESUMED 
IMIVIUNE COMPLEX-TYPE HYPERSENSITIVITY REAC·rION* AFTER 
BOOSTER IW~UNIZATION WITH HUMAN DIPLOID CELL RABIES VACCINE 
Number with reaction/ 
total persons given 
boosters ( %) 
Vaccine 
Route of Booster 
Number with sign of 
symptom (%): Puruitic 
rash 
Urticaria 
Edema 
Joint Pain 
Difficulty breathing 
Mean delay after 
booster 
Before reaction 
(range) 
COHOR~r A 
2J/226 
(10%) 
Merieux 
Intradermal 
16 ( 70%) 
20 ( 87%) 
10(4J%) 
4 (17%) 
1 (4%) 
1 ( 4%) 
9.4 days 
J-13 
COHORT B 
22/123 
( 18%) 
Wyeth 
Intra-
Muscular 
5(18%) 
20(91%) 
COHORT C. 
8/29 
(21%) 
Ylerieux 
Intra-
Muscular 
1(17%) 
6(100%) 
10(45%) 4(67%) 
J(14%) ~ 0 
0 0 
2 ( 9%) 0 
8.6 days 10.5 days 
2-11 8-11 
r-- -----------~-··---------t 
* Coombs and Cell Type 111 
Total in each cohort greater than 100~ because multiple 
signs and symptoms could be reported in each person. 
SOURCE: Center for Disease Control 
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REPORTS OF SYSTEMIC ALLERGIC REACTIONS FOLLOWING 
IiVIIVIUNIZATION WITH HUMAN DIPLOID CELL RABIES VACCINE 
IN THE UNITED STATES FROM JUNE 1980 TO ~ARCH 1984 
-·----·----·-·-·---~- -------------------------~ 
PRE-EXPOSURE POSTEXPOSURE 
PRIMARY BOOSTER PRI~ARY BOOSTER 
SERIES DOSE SERIES DOSE 
REACTION TYPE·>t-
'-- -
ID*-Tifi~* TI5-- IM ·I M INI .. TOTAL 
-·----------------------~~ 
Type 1 1 0 0 0 8 0 9 (Immediate Hypersensitivity) 
Type 111 1 0 42 J4 5 5 87 
(Immune complex disease) 
Intermediate 0 0 0 0 11 1 12 
(Type 1 or Type 111) 
TOTAL 2 0 42 J4 24 6 108 
* Characterization of reactions is based on clinical 
definition, not immun~pathologic changes. 
** Intradermal 
*** Intramuscular 
Type ls Immediate hypersensitivity as used here refers to 
an immunologic illness occurring within minutes to hours 
after a dose of HDCV and is characterized with either 
brochospasm, laryngeal edema, generalized puruitic rash, 
uriticaria, or angiodema. 
Type 111: Presumed immune complex disease, as used here, 
refers to an irnmunologic illness occurring 2-21 days after 
a dose or doses of .HDC/ and is characterized by a general-
ized puritic rash or uriticaria. The patient may also have 
arthritis, arthralgias, engioedema, nausea, vomiting, fever, 
and malaise. 
J8 
patient's risk of developing rabies must be carefully con-
sidered before deciding to discontinue vaccination. 
Moreover, the use of corticosteroids to treat life-
threatening neuroparalytic reactions carries the risk of 
inhibiting the development of active immunity to rabies. 
It is especially important in these cases that the serum 
of the patient be tested for rabies antibodies. Advice and 
assistance on the management of serious adverse reactions 
to persons receiving rabies vaccines may be sought from the 
state health department or the Center for Disease Control. 
All serious systemic neuroparalytic or anaphylactic 
reactions to a rabies vaccine should be immediately reported 
to the state health department or the Division of Viral 
Diseases, Center for Infectious Diseases, CDC (404) 329-3095 
during working hours or (404) 329-2888 at other times. 
Precautions and Contraindicators· 
Immunosuppression 
Corticosteroids, other immunosuppressive agents, and 
immunosuppressive illnesses can interfere with the develop-
ment of active immunity and predispose the patient to 
developing rabies. Immunosuppressive agents should not be 
administered during postexposure therapy unless essential 
for the treatment of other conditions. When rabies post-
exposure prophylaxis is administered to persons receiving 
steroids or other immunosuppressive therapy, it is 
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especially important that serum be tested for rabies antibody 
to ensure that an adequa t e resp onse has developed. 
Pre_gnancy_ 
Because of the potential consequences of inadequately 
treated rabies exposure and limited data that indicate that 
fetal abnormalities have not been associated with rabies 
vaccination, pregnancy is not considered a contraindication 
to postexposure prophylaxise If there is substantial risk 
of exposure to rabies, pre-exposure prophylaxis may also be 
indicated during pregnancy& 
Persons with histories of hypersensitivity should be 
given rabies vaccine with caution. When a patient with a 
history suggesting hypersensitivity to HDCV must be given 
that vaccine, antihistamines can be given, epinephrine should 
be readily available to counteract anaphylactic reactions, 
and the person should be carefully observed. 
Primary immunization with HDCV appears to sensitize 
some recipients to a n as yet unidentified component of the 
vaccine. When booster doses of HDCV are then administered, 
these persons develop a hypersensitivity reaction clinically 
consistent with Type 111 immune complex disease. Until this 
reaction problem can be resolved, it would be prudent to 
carefully assess ~~ch use of rabies vaccine for routine 
booster immunizatior1. Persons who have experiences Type 111 
hypersensitivity reactions should receive no further doses 
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of HDCV unless they are exposed to rabies or they are truly 
likely to be inapparently and/or unavoidably exposed to 
rabies virus and have unsatisfactory antibody titers. The 
routine use of booster immunization in persons without 
histories of hypersensitivity reactions is clearly indicated 
only in those subjected to inapparent and/or unavoidable 
exposures to rabies virus. All available data suggests an 
anampestic antibody response will occur in any person who 
previously received pre-exposure immunization with HDCV, 
even when the antibody titer at the time of the booster was 
low or undetectable. 
Individuals with histories of presumed Type 111 hyper-
sensitivity to HDCV may be at higher risk of subsequent 
hypersensitivity reactions, and the vaccine sh6uld be 
administered under appropriate medical supervision. 
Human Diploid Cell Vaccine (HDCV) produced by the Merieux 
Institute has been used for pre-exposure immunization in a 
regime of three 0$1 doses given in the lateral aspect of the 
~pper arm over the deltoid area, one dose · each on days 0, ?, 
and 28c Experience gained with over 2;000 persons vaccinated 
in the United States by the Intradermal route has shown that 
antibody was produced in all recipients, although the mean 
response was somewhat lower and may be of shorter duration 
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than with comparable IM immunization. Antibody response in 
some groups vaccinated outside the United States have been 
found to be inadeqtate far reasons not yet determined. 
Current data provide a sufficient basis to recommend the 
O~l ml intradermal dose/route as an alternative to the 1.0 ml 
intramuscular route for pre~ .. exposuro immunization in the 
United States. .Postvaccina.tion serology is not necessary 
following intradermal or intramuscular immunizations except 
for persons suspected of being immunosuppressed. The manu-
facturer has not yet met the packaging and labelling 
requirements necessary to obtain approval by the U. s. Food 
and Drug Administration for the intradermal route. Since the 
lsO ml vial presently available is intended for intramuscular 
use and contains no preservatives, the reconstituted vaccine 
must be used immediatelyo Data on intradermal immunization 
are not available for Wyet h Laboratories' vaccine, and it 
should not be used for intradermal vaccination. 
The Immunization ~ractice Advisory Committee (ACIP) for 
Lisease Control has recommended that three 0.1 ml intradermal 
(ID) injections of Human Diploid Cell Rabies Vaccine is an 
acceptable pre-expos1re regimen for rabies prophylaxis 
(Morbidity and )1or ·L~ali ty Weekly Report, June 4, 1982, Volume 
Jl' No. 21). 'I1he ACI.P has reco ~nmended this use of riDCV, the 
U. S. Food and Drug Administration's Bureau of Biologics 
concurs with the interpretation of the clinical data used by 
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the ACIF in making this recommendation, and the FDA's approval 
of the use of Merieux;s HDGV by the i.ntradermal route is pend-
ing the manufacturer making necessary packaging and labelling 
changes If 
In August 198J, a Ptace Corps volunteer in Kenyae who 
had been pre-immunized w~th this regimene died with rabies. 
As a result, sere-surveys were conducted on more than JOO 
Peace Caros volunteers immunized in this manner. The results 
.I.. 
of those sere-surveys suggest a lower-than-expected antibody 
response o These find i ng8 r1re in sharp contract to sero-
surveys conducted in the U~SG on persons who have received 
the same intradermal pre-exposure regimen~ 
Ne 11 Recommendations ,, 
Because the na:ture and extent of the problems are not 
compl.eteJ.y delineated 11 certain precautions appear to be 
indicated~ If intrad~:c. 1al pre-· exposure rabies prophylaxis 
is given, ·.coutine sero 1 ogi c testing should be done two to 
three weeks after immunizationo Any individual with a post-
immunization titer of lower than 1:16 (approximately 0.16 
IU/ml) should receivE, an addi tiona.l. dose of vaccine and have 
s.erum retc.:.:sted two to three weeks latera fersons whose only 
experience with rabies vaccine has been intradermal pre-
exposure prophylaxis and whose antibody response is unknown, 
should, if immunized within the past 12 months, have serum 
tested for rabies antibody. If immunized nore than 12 
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months previously, such persons should receive a single dose 
of vaccine and have serum retested two to three weeks later. 
Serologic testing does not appear to be necessary for persons 
receiving intramuscular rabies pre-exposure prophylaxis. 
For postexposure prophylaxis, persons who have had three 
1.0 ml intramuscular doses of HDCV or who have received intra-
dermal vaccine and who have a documented rabies titer of 1:16 
or higher, should continue to receive two 1.0 ml intra-
mucular doses of HDCV -- one dose each on days 0 and 3, as 
currently recommended. Any person who has received intra-
dermal vaccine and who has not had a documented rabies 
antibody titer of 1:16 or higher should be treated with a 
single 20 IU/kg dose of Human Rabies Immune Globulin (HRIG) 
and five 1 ml intramuscular doses of HDGV -- one each on 
days 0, J, 7, 14, and 28. 
It should be re-emphasized that all persons who have 
received adequate pre-exposure prophylaxis with HDCV should 
receive two 1.0 ml intramuscular booster doses of vaccine 
to ensure protection following a rabies exposure. 
In order to more fully assess the U.S. experience with 
intradermal vaccine ~nd to provide service to those individuals 
who have already received intradermal HDCV, the Center for 
Disease Control Laboratory is willing to accept serum 
specimens from individuals undergoing the pre-exposure 
intradermal regimen during the past 12 months for a limited 
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unspecified period of time. Any individual who has received 
the 0.1 ml intradermal pre-exposure rabies vaccination 
regimen during the past 12 months is eligible to submit a 
serum specimen through his/her private physician or local 
health department for rabies antibody titer. Serum from 
five or 10 ml of blood (accompanied by identifying informa-
tion for the vaccine recipient and submitter, date of each 
dose of vaccine, vaccine lot number if available, and date 
specimen was collected) may be submitted to the University 
of Iowa Hygienic Laboratory, Oakdale Campus, Iowa City, 
Iowa 52242. ~hese sera will be forwarded to the Center for 
Disease Control for testing. 
The length of time that this service will . be available 
is unknown. The Center for Disease Control is continuing 
to study this pre-exposure regimen and may again revise 
recommendations when larger numbers of vaccine recipients 
are tested and the data evaluated. 
Recommendations in Brief 
1. Testing of sera is limited only to those people who 
have received the Merieux vaccine by the .intradermal route, 
and does not include those people administered vaccine 
intramuscularly or those who have received the postexposure 
regimen. 
2. It is necessary that adequate information concerning 
vaccination be submitted& (a) the vaccine producer, (b) 
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route of administration, (c) volumes administered, (d) number 
of doses, (e) the dates vaccines were given, and (f) the date 
of phlebotomy. 
3. Submit serum containing no preservatives, since 
whole blood and grossly hemolyzed specimens are unsuitable 
for testing. In addition, serum separation tubes (SSTs) 
should not be used since the seal fails during shipment. 
CHAPTER FOUR 
RABIES IN HUMANS 
Rabies in humans is rare. There are 101 confirmed 
reported cases of rabies in the United States since 1953. 
Between 1980-1983, six fatal cases in humans have been 
reported related to rabid dogs; of those, four happened 
outside the United States. 
The first case of human rabies occurring in the United 
States since March, 1983, was diagnozed July 27, 1984, in 
Houston, Texas. The patient, a 12-year-old Laotian refugee, 
had no known history of exposure to a rabid animal and had 
not traveled outside Texas since arriving in the United 
States in 1980. 
The second case of human rabies occurring in the United 
States in 1984 was diagnosed September 21, in Danville, 
Pennsylvania. The patient, a 12-year-old male resident of 
Williamsport, Pennsylvania, had no history of exposure to a 
known rabid animal. 
The first known case of rabies among people of Florida 
occurred in 18e1 according to records of the Florida Division 
of Health, Bureau of Vital Statistics. The first report of a 
human case of rabies in Florida was prepared by Dr. R. A. 
Lancaster from Gainesville in November, 1984. 
Between 1881 and 1948, 73 cases of rabies were reported 
(Table 8). With the establishment of the Division of 
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Veterinary Public Health within the State Board of Health 
Organization in 1948, intensive efforts were made to set up 
and enforce vaccination and stray dog control ordinances in 
all counties. The rapid and effective implementation in 
epidemic areas significantly reduced the number of infected 
animals. A similar reduction was recorded for the disease 
in humans with no cases being reported after 1948. 
Figure 1 and Tables B and 9 relay statistics pertaining 
to human rabies. 
Source: 
FIGURE 1 
DISTRIBUTION BY COUNTY OF 69 CASES 
OF HUitlAN RABIES IN FLORIDA 
1881-1948 
" .
Health and Rehabilitation Services 
Division of Health, State of Florida 
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TABLE 8 
HUMAN DEATHS FROM RABIES IN THE STATE OF FLORIDA 
1881-1948 
MONTH OF SOURCE OF 
YEAR NUMBER COUNTY RACE SEX AGE DEATH INFECTION 
1881 1 Monroe w M 38 January 
1894 1 Alachua N F 57 November cat 
1895 2 Leon 
Alachua w F 18 ·May 
1896 . 0 
1897 1 Jackson 
1898 2 Jefferson 
Escambia N w 4 March 
1899 J Escambia ( 2) 
Suwannee child dog 
1900 0 
1901 0 
1902 0 
1903 2 Leon N. 
Escambia N child 
1904 0 
1905 2 Duval w M 11 November 
Duval N F 3 December 
1906 1 Duval w M 2 July 
1907 0 
1908 1 Marion 
1909 1 Franklin 
1910 0 
1911 4 Levy w M 8J March dog 
Duval w M J2 April dog 
Duval N M 11 November dog 
Duval w lV1 9 March dog 
1912 4 Duval N child 
Hillsborough w M 2 August cat 
Bradford N. M child November dog 
Hillsborough September 
1913 6 St. Johns w M adult August dog 
Duval w M.50-60 September dog 
Duval w M 5-10 March dog 
Hillsborough w M child June dog 
Duval w M 35-40 October dog 
Duval w lvl 35-40 December do g 
1914 1 Madison N M adult November dog 
1915 0 
1916 1 Duval w M 4 November 
1917 1 Duval N M 5-9 August 
1918 0 
1919 2 Hamilton w F 5-9 February 
Marion N F 40-44 August 
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TABLE 8 CONTINUED 
MONTH OF SOURCE OF 
YEAR NUMBER COUNTY RACE SEX AGE DEATH INFECTION 
1920 2 Brevard N w 5-9 April 
Hillsborough w ·M 40-44 November 
1921 1 Suwannee w F 10-14 July 
1922 0 
1923 1 Marion N F 5-9 February 
1924 0 
1925 4 Madison N F 2 June 
Baker w F 3 January 
Dade w F 35-39 April 
Putnam w M 10-14 December 
1926 2 Columbia w M 30-J4 January 
Duval w M 40-44 December 
1927 1 Hillsborough w F 15-19 February 
1928 1 Duval w M 5-9 November 
1929 2 Duval N M 4 May 
St. Johns N M 25-29 August 
1930 1 Escambia N M JO-J4 January 
1931 J Hillsborough w M 10-14 October 
Lake w F 20-24 November 
Orange w M 60-69 November 
1932 4 Duval w M 5-9 January 
Marion w M 5-9 February 
Polk w 1¥1 10-14 March 
Folk w M 40-44 lVIay 
1933 1 Duval N M 1 April 
1934 0 
1935 0 
1936 1 Alachua w M 60-64 April 
1937 2 Hillsborough w F 40-44 September 
Lake N F 5-9 July 
1938 3 Duval N M 5-9 April 
Orange N M 40-44 May 
Pasco w M 40-44 October 
1939 0 
1940 1 Lake N F 40-44 June 
1941 0 
1942 1 Duval N F 4 April 
1943 1 Taylor w F 5-9 April 
1944 0 
1945 2 Alachua w M J March 
Duval N lVI 5-9 May 
1946 1 Escambia N M 20-24 March 
1947 1 Polk N NI JO-J4 January 
1948 1 Hillsborough N M 35-39 October dog 
TABLE 9 
REPORTED RABIES CASES IN HUMANS 
IN THE UNITED STATES* AND FLORIDA 
1953-1983 
Year I United States I Florida 
1953 t 14 I 0 
l9j4 8 I 0 
1955 5 I 0 
1956 10 I 0 
1957 6 l 0 
1958 I 6 I 0 
1959 6 
' 
0 
1960 2 0 
1961 3 0 
1962 2 t 0 
1963 1 0 
1964 1 0 
1965 ] 0 
1966 1 0 
1967 2 0 
1968 1 0 
1969 1 0 
1970 3 0 
1971 2 0 
1972 2 0 
1973 1 0 
1974 0 0 
1975 3 0 
1976 2 0 
1977 1 0 
1978 4 0 
1979 5 0 
1980 0 0 
1981 2 0 
1982 u . 0 
1983 4 0 
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* Includes Guam, Puerto Rico, and the Virgin Islands 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
CHAPTER FIVE 
CONTROL OF RABIES 
Control Procedures in Domestic Animals: 
Mass Immunizations of Dogs and Cats 
Since approximately one month is required for canine 
vaccines of either type to elicit a maximum level of immunity, 
restrictive measures (leashing, confinement) for dogs during 
an epidemic may be suspended JO days after completion of the 
~ass vaccination program. 
~" 
With regard to methods to rid an area of endemic or 
epidemic canine rabies, no significant degree of success can 
be expected unless there is a well-organized, intensified 
program for swift mass immunization in addition to elimina-
tion of stray dogs. 
In national programs of canine rabies eradication, high 
priority should be assigned to areas that are known to be 
principal foci,· of the infection. Such foci are usually con-
stituted by the major metropolitan areas. In such areas, 
emphasis should be given to the need to carry out the mass 
vaccination of dogs in the shortest possible time. 
It is recogniz.ed that canine rabies can constitute a 
constant problem in countries with limited economic and 
professional resources to implement large-scale programs. 
Under such conditions, dispersion of effort, resources, and 
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manpower should be avoided, and the total effort should be 
directed towards obtaining successful program development in 
strategically important areas. Areas of secondary importance 
should not, however, be neglected; these should be the object 
of other activities related to rabies control, such as health 
education, regular canine vaccination clinics, and stray-dog 
control. 
The program should be directed towards the swift 
reduction of susceptible animals, which can be achieved by 
the immunization ·Of at least 70% of the entire dog population 
of the area in the shortest possible period. The use of tags 
or colored plastic collars has proven very useful in identi-
fying vaccinated dogs and has contributed considerably to the 
success of the vaccination campaigns. 
Canine immunization should be made an integral part of 
all long-range rabies control programs, and as a sound public 
health procedure, dog owners should be encouraged to have 
their pets vaccinated as soon as possible after they are 
three months of age. 
In endirnically infected areas and in rabies-free areas 
faced with the constant dan~er of introduction of the disease, 
continued pro grams of vaccination should be adopted that will 
at least provide for the vaccination of previously unvacci-
nated dogs and for the revaccination of all dogs. 
j4 
Since rabid cats may present a serious problem, cat 
owners should be encouraged to have these pets immunized. 
Furthermore, cats should be included, if possible, in mass 
immunization programs. 
Elimination of Stray Dogs 
The stray dog remains a threat in the transmission of 
rabies, and, therefore, an efficiently conducted program for 
the elimination of these animals ·is necessary. Such a 
program requires the operation of a local pound or animal 
shelter in which strays may be temporarily held, and if 
unclaimed at the end of a short period, destroyed. In the 
event of an outbreak in previously rabies-free areas, the 
@ 
elimination of stray dogs should be begun promptly and con-
tinued with the maximum effectiveness. 
The practice of making stray and impounded animals 
available for adoption as pets should be suspended during 
outbreaks of rabies in a community. Prior to release, rabies 
vaccination and registration should be carried out. 
Personnel responsible for the program must be properly 
equipped and trained in the care and management of animals, 
the basic principles of animal disease control, and first-
aid procedures. 
55 
Administrative Aspects of Rabies Control 
Experience has should that the efficient organization of 
a rabies control program is best accomplished by means of a 
central authority headed by a public health officer, prefer-
ably a veterinarian who has full executive power and who 
devotes his full time to this work. The development of a 
pro gram throughout a state or province under the direction 
of a public health veterinarian can ensure effective 
uniformity of control practices at a local level. In his 
capacity as coordinator of the state or provincial control 
operations, this officer should also be responsible for the 
following activities to ensure an effective program. 
a. Working closely with committees of all interested 
groups in dissemination of information on current control 
procedures. 
b. Enlisting the support of all interes~ed official 
agencies, livestock organizations, animal protection societies, 
and kennel and sportsmen's clubs. 
c. Establishing surveillance of the disease (this 
includes the collection and analysis of human and animal 
morb i dity data and data on animal bites~ rabies exposure, 
rabies cases, vaccinations, and postvaccinal side effects). 
· d. Arranging regular exchange of information with 
nei ghboring states on the state of the infection and its 
control. 
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e. Developing and improving the reporting system and 
the interpretation of findings in ciose collaboration with 
the diagnostic laboratory, and providing information on the 
geographical movement of infection throughout the state. 
f. Improving methods for shipment of specimens to 
laboratories and methods for collection, impoundment, and 
destruction of stray dogs. 
g. Conducting training courses and research projects 
in various phases of rabies control. 
h. Promoting a continual and energetic publicity 
campaign. 
i. Selecting a satisfactory method of identifying 
vaccinated dogs and cats. 
j. Arranging for pre-exposure rabies prophylaxis for 
personnel working in field aspects of rabies control programs. 
k. Arranging for some form of rabies control organiza-
tion, especially surveillance, to be continued where the 
disease is reduced or even eliminated. A suitable structure 
should be maintained to deal with resurgence or reintro-
duction of the disease. 
1. Extending the program to include control of wild 
animal species (jackals, coyotes, wolves, mongooses, etc.) 
and feral or pariah dogs, where these play an important role 
in epidemics of canine rabies. 
57 
Handling of Dogs and Cats Bitten by Rabid Animals 
Unvaccinated dogs, cats, and other pets bitten by a known 
rabid animal should be immediat~ly destroyed. If the animal 
has been previously vaccinated within three years with live 
rabies vaccines, or within one year with other vaccines, 
revaccination and restraint (leashing and confinement) for at 
least 90 days should be carried out. Rapid epidemiological 
investigation of exposed persons and animals is most impor-
tant so that immediate preventive and control measures can be 
taken. 
Control of Rabies in Wildlife Terrestrial Animalsa 
Epidemiology and Ecology of Wildlife Rabies 
Rabies exists in two epidemiological forms: urban rabies 
propagated principally in dogs, and rabies in wildlife. Wild 
carnivores appear to be the main transmitters . of epidemic and 
endemic wildlife rabies. They are highly susceptible and will 
excrete virus in the saliva. These conditions, in conjunction 
with high population density and turnover and long incubation 
periods, assure the maintenance of the infection despite its 
fatal course in the animal. Within a given ecosystem there 
are apparently only one or two species responsible for the 
perpetuation of the rabies (e.g., the red fox, Vulpes Vulpes, 
in central and western Europe, and the red fox and raccoon 
dog , Nycetereutes Procyonoides, in eastern Europe. More or 
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less independent epidemics are maintained in various parts 
of North America by foxes (Vulpes Fulva and Uracyon Cinereo-
agenteus), skunks (predominantly Mephitis Mephitis), and 
raccoons (Procyon Loter). A comparable role appears to be 
played by mongooses (incliuding meerkats), jackals, wolves, 
and stray dogs in the tropics and subtropics and by polar 
foxes (Alopex Lagopus) in Artie regions. Other wild 
carnivores do not appear to maintain a rabies epidemic in 
the absence of rabies in the main host, but they may be 
important, together with the main species, in the trans-
mission of the disease to wild herbivores, domestic animals, 
and man. 
The introduction of the small Indian mongoose (Herpestes 
Autopunctatus) into some of the Caribbean Islands has resulted 
in the propagation of the disease and this species now repre-
sents a major public health problem, since it attacks 
domestic animals and man. 
Latent infection has not been found in foxes or 
Mustelidae in Central Europe or the USA, nor has strong 
evidence for abortive infections been detected. The annual 
reproductive capacity of foxes provides a new generation of 
susceptible individuals amounting to approximately 70% of 
the total population. Vulpine rabies is highly dependent 
upon population density. With a high fox density (as 
measured by hunting records), rabies spreads rapidly and kills 
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up to 60% of the fox population, while in low density areas 
rabies tends to become undetectable or to disappear. At an 
intermediate density an endemic state is reached. 
Examination of thousands of small wild rodents in 
endemic rabies areas in the Americas has revealed no rabies 
infection, indicating that these animals do not serve as 
reservoirs of the disease in nature. However, in parts of 
Europe repeated isolations of rabies viruses with unusually 
low virulence in early mouse passages have been made from 
wild rodents (Microtinae and other Muridae). These have not 
been obviously associated with fox rabies, and their epidem-
iological significance has not yet been determined. 
Reduction of Density in Animal Populations 
Before any campaign to reduce wildlife populations is 
started, a careful study should be undertaken to determine 
the main reservoir species. The massive reduction of this 
host in circumscribed areas may stop the spread and markedly 
reduce the number of rabies cases. At the present time this 
is the only method available for wildlife rabies .control. 
The choice of techniques for carrying out these programs 
depends on the animal species involved, the local topo-
graphical conditions, and legal restrictions. The use of 
various poisons has proven feasible for small host species 
(e.g., sodium fluoroacetate and thallium sulfate for 
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mongooses, strychnine for skunks and coyotes). Protected 
bait stations have to be used to eliminate the danger of 
accidental poisoning of humans, , especially children, and 
of domestic animals. The increasing number of legal 
restrictions being enforced in certain countries for the 
use of ·poisonous substances that are necessary for control 
programs where rabies is a major .public health hazard and 
an economic burden is a concern. Trapping and shooting as 
population control measures are usually ineffective and 
very costly. Hormonal sterilization has been proven 
effective experimentally but has not yet been applied 
successfully in the field. 
In Cuba, the Dominican Republic, Grenada, and Puerto 
Rico the mongoose has found an empty ecologica~ niche, 
since no native wild carnivores existed previously in these 
countries. Consequently, it has multiplied very rapidly 
and efforts at population reduction have been unsuccessful. 
Much ecological and virological research is necessary before 
control of the disease can be obtained in this animal. 
Den gassing has proven to be the most efficient single 
method of reducing fox populations in Europe, provided that 
most of the den locations are known, that 75% or more of 
the fox litters are raised in these dens, ~nd that the 
gassing operation is carried out over large areas during 
the whelping season. In mountainous areas, however, many 
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of the dens are inaccessible to gassing. 
Continued disturbance at fox dens often causes foxes 
to avoid them for whelping, so that gassing procedures, 
however drastic, can never result in the extinction of the 
species. Although no increased fertility is seen in foxes 
with a low population density, the annual rate of repro-
duction is sufficiently high to result in normal population 
levels returning within a few years. The inclusion of 
secondary hosts in the reduction campaign does not appear 
to be justified in most instances. 
It should be emphasized that, for maximum effectiveness, 
a reduction program should be directed by professionally 
trained predator control specialists who are familiar with 
the area. The success of gassing operations also depends to 
a large extent on the cooperation of farmers, game wardens, 
and hunters in locating dens, a procedure that should be 
carried out every year. Cyanides and hydrogen phosphate 
compounds are equally effective, but the latter are less 
hazardous. 
Protective Zones of Low Density of Host Species 
Such zones have been established in certain parts of 
Europe, by den gassing in limited areas with suitable topo-
graphical conditions, and where foxes are the principal 
nosts. These zones should have a width of at least 60 km. 
No obvious increase of movement of foxes from the surrounding 
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areas into these low density zones has been observed. 
It may also be desirable to create zones of low host 
density in smaller areas where wildlife rabies is endemic 
and where human populations and infected animals may be in 
close contact. 
Monitoring Wild Animal Populations 
and Surveillance of Infection 
Surveillance efforts should be concentrated on the main 
host species. In Europe hunting records in a large area and 
over long periods of time have proven useful as an indicator 
that the fox population was controlled by hunting only, a 
"bag record" of approximately one for per km 2 per year was 
obtained. In areas where the population density was reduced 
by gassing or by both gassing and rabies to yields of 0.2 
foxes per km 2 , rabies either disappeared or was not intro-
duced. In those countries in which an annual estimate of 
the fox population can be made, it may be possible to 
forecast the potential danger and intensity of rabies 
outbreaks. 
Surveillance of infection can be ·best achieved through 
routine examinations of the trains of dead or abnormal 
acting reservoir animal species by a fluorescent antibody 
or mouse inoculation technique. Serological surveys based 
on neutralization tests are impractical and of doubtful 
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value in foxes, but may be useful in other species such as 
raccoons and mongooses. 
Immunization uf Wildlife 
Immunization of wildlife is not yet practicable but may 
becom~ ~so in the near future. Studies in this direction 
should, however, be intensified because effective population 
reduction is only possible in suitable limited areas. 
Immunization could reduce the susceptible host population 
to a point where no further rabies spread is possible. 
The most promising possibility is the oral immunization 
of foxes with ERA strains. So far no other wildlife species 
has proven as amenable to this treatment as the fox. How-
ever, the use of vaccine in baits under practical conditions 
as well as the possible pathogenicity of the vaccine virus 
for the fox and other wildlife species requires special 
attention and much more investigation. If this method 
eventually proves practical, it appears that at least 75~ 
of foxes should be immunized for effective control. Annual 
revaccination would be necessary since this animal has a 
high population turnover. 
Epiderniology and Ecology of Bat Rabies 
In the Americas, bats of numerous species have been found 
with rabies infections, but epidemiological investigations in 
many areas have shown that such infections are independent of 
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other mamalian cycles. The most important epidemiological 
questions concerning rabies in bats is the possible trans-
mission of the virus to terrestrial wildlife species by 
ingestion, bite, or aerosol. The disease is readily 
transmitted by the bite of vampire bats (Desmodus Rotundus) 
during their normal feeding to susceptible cattle and other 
domestic animals. Over 170 human rabies deaths attributed 
to vampire bat bites have been reported from several Latin 
American countries since the Trinidad outbreak in 1929. 
Rabies in insectivorous bats has also been transmitted 
to man by bite in the USA, Canada, and some Latin American 
countries. However, natural transmission of rabies from 
insectivorous bats to other terrestrial animals by biting 
has not been observed to date. Experimental transmission 
from rabid bats with infectious saliva to other susceptible 
animals by the bite route has proven extremely difficult. 
Two persons who entered Frio Cave, a large limestone 
cavern near Uvalde, Texas, where rabid insectivorous bats 
had been identified, subsequently died of laboratory-
confirmed rabies, and their disease was not thought to be 
due to transmission by bite. There are indications that 
various species of wildlife utilize bat caves in search of 
food, and the possibilities of transmission should be further 
investigated. 
Overwhelming evidence indicates that vampire bats 
generally die of the disease although there are early reports 
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of the salivary carrier state. This subject, however, merits 
further investigation. It is not known whether the outbreaks 
in vampire bats are due to seasonal movements, increased bat-
to-bat contact, increased pathogenicity and salivary excretion 
of the virus, or other factors& Insectivorous bats do not 
appea~ to be true carriers of the virus, and no salivary gland 
isolate has been obtained without concurrent presence of virus 
in the brain. It appears as if solitary bats may be as 
heavily infected with the disease as colonial bats. Surveys 
of thousands of bats for rabies virus curing the past 10 years 
in Asia and Africa have yielded negative results, with only a 
few cases in Europe, including Nycalus Noctula, Eptesicus 
Serotinus, Rhonolophus Ferrumequinurn and two other unidenti-
fied bats. 
Control of Bat Rabies 
Vampire-bat rabies continues to exact a bovine toll in 
Latin America, with hundreds of thousands of cattle dying 
annually. Mass vaccination of cattle still remains the 
principal weapon of control. It has recently been found, 
however, that Desmodus rotundus is sensitive to small amounts 
of. certain anticoagulants, such as diphenadione (2-diphen-
ylacetyll-1, J-indanione). After the inoculaGion of a single 
dose of 1 mg of this compound per kg body weight, the blood 
of treated cattle is lethal for vampires for at least three 
days. This has been shown in certain areas to reduce the 
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number of vampire bites on cattle by more than 90%. Another 
technique for the application of this compound relies on the 
preening habits of batsa vampires are captured, their backs 
smeared wi·th the anticoagulant '(mixed with petroleum jelly), 
and then released. These treated bats contaminate others in 
their colony by contact. Limited field testing of this 
technique showed its efficacy to be even greater than the 
cattle inoculation method. 
Innocuity of this product must be adequately demonstrated 
in cattle, especially by the lack of harmful residues in meat 
and milk. Moreover, it should be noted that vampires roost 
in wells in some areas and contamination of well water could 
easily occur. More information is also needed on the safety 
of anticoagulants to other bat species sharing the same 
roosts, as well as to carnivores that may consume dead 
vampires. Other control techniques such as fumigation 
of wells merit further investigation. 
Vampire bats were probably not numerous before the intro-
duction of cattle into the Americas during the colonial period, 
and the present high populations appear to be linked to the 
increasing cattle population .. which provides the main food 
source. It has also been observed that the incidence of bat 
rabies decreases in certain areas as they become industrial-
ized and grasslands are converted to agricultural use. 
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More information is needed on these ecological interactions. 
Insectivorous bats should not be controlled by massive 
indiscriminate killings; the r~bies prevalence rate is 
usually no greater than 2% so that the vast majority of 
animals killed . would be healthy and beneficial. Insecti-
vorous ~ and fruit-eating bats may be kept from certain 
buildings either by covering up their entrance and exit 
routes during a time when they are not in their roost, or 
by applying an irritating repellant at the roost. Protec-
tion of man should include the warning of the public not to 
pick up or handle sick or strangely behaving bats. 
International Transfer of Animals 
A rabies-ipfected area can be considered one where an 
indigenously acquired rabies infection has been confirmed in 
man or animals at any time during a previous two-year period. 
The following measures should be taken when animals are 
imported from countries where rabies is known to exist: 
1. Countries now free from rabies should continue 
either to prohibit the importation of dogs and cats or to 
subject them to a prolonged period of quarantine, preferably 
four months or more at the port of entry or at an approved 
quarantine kennel. If the quarantine period is only four 
months, leashing of dogs and surveillance for an additional 
two months is recommended. The us e of inac t ivated vaccine 
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soon after entry into quarantine is recommended for both dogs 
and cats. 
2e Where strict quarantin,e measures are impracticable, 
as, for instance, in countries with extensive land borders 
and with rabies already present in domestic or wild animals, 
the following measures are recommended: 
a. Dogs and cats should be vaccinated not less than 
JO days and not more than one year prior to request for entry 
and disembarking~ . 
b. Certificates of vaccination signed by the appro-
priate veterinary authorities in the country of origin should 
accompany each animal. Where doubt exists as to the potency 
of the vaccine used in the animal's country of origin, the 
animal should be considered to be unvaccinated. 
c. Unvaccinated animals should be vaccinated upon 
arrival and quarantined for not less than JO days, and should 
be kept under surveillance and not allowed to run at large 
for an additional 60 days. Where strict quarantine measures 
are impossible to apply, surveillance and movement restric-
tions should · be imposed for 90 days following vaccination on 
arrival. 
CHAPTER 6 
COMPENDIUM OF ANIMAL RABIES VACCINES, 1985 
Recommendations for Immunization Procedures 
The purpose of these recommendations is to provide 
information on rabies vaccines to practicing veterinarians, 
public health officials, and others concerned with rabies 
control. This document will serve as the basis for animal 
rabies vaccination programs throughout the United States. 
Its adoption .will result in standardization of procedures 
among jurisdictions, which is necessary for an effective 
national rabies-control program. These recommendations are 
reviewed and revised before the beginning of each calendar 
year. All animal rabies vaccines licensed by the U.S. 
Department of Agriculture (USDA) and marketed in the United 
States are listed in Table 10. This chapter also describes 
the principles of rabies control. 
A. Vaccine Administration: The National Association 
of State Public Health Veterinarians, Inc. (NA~PHV) recom-
mends that all animal rabies vaccines be restricted to use 
by or under the supervision of a veterinarian. 
B. Vaccine Selection: The use of vaccines with three-
year duration of immunity is recommended since their use 
constitutes the most effective method of increasing the 
proportion of iMmunized dogs and cats in comprehensive 
rabies-control programs. 
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c. Route of Inoculationa Unless otherwise specified 
by the product label or package insert, all vaccines must be 
administered intramuscularly at one site in the thigh. 
D. Wildlife Vaccination: Vaccination is not recom-
mended since no rabies vaccine is licensed for use in wild 
animals_ against rabies. NASPHV recommends that neither 
wild nor exotic animals be kept as pets and that wild 
animals not be cross-bred to domestic dogs or cats. 
E. Accidental Human Exposure to Vaccine: Accidental 
human inoculation may occur during administration of animal 
rabies vaccine. Such exposure to inactivated vaccines con-
stitutes no known hazard. No cases of rabies have resulted 
from needle or other exposure to a licensed, modified live 
virus vaccine in the United States. 
F. Identification of Vaccinated Dogs: The committee 
recommends that all agencies and veterinarians adopt the 
standard tag system. This will aid the administration of 
local, state, national, and international procedures. Dog 
license tags should not conflict in shape and color with 
rabies tags. It is recommended that anodized aluminum 
rabies tags not be less than 0.064 inches in thickness. 
1. Rabies Tags: 
Calendar Year Color Shape 
1985 Blue Rosette 
1986 Orange Fireplug 
1987 Green Bell 
1988 Red Heart 
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2. Rabies Certificate: All agencies and veteri-
narians should use form #50 Rabies Vaccination Certificate 
of the National Association of State Public Health 
Veterinarians, Inc., which can ·be obtained from vaccine 
manufacturers. 
Principles of Rabies Control 
These guidelines have been prepared by NASPHV for use 
by government officials, practicing veterinarians, and others 
who may become involved in certain aspects of rabies control. 
NASPHV plans to annually review and revise these recommenda-
tions as necessary. Standardized control procedures are 
needed to deal effectively with the public health aspects 
of rabies. 
A. Principles of Rabies Control: 
1. Humans: Rabies in humans can be prevented by 
eliminating exposure to rabid animals and by promptly treat-
ing local wounds and immunizing when exposed. Current 
recommendations of the Immunization Practices Advisory 
Committee (ACIP) for pre-exposure and postexposure prophy-
laxis are suggested for consideration by attending physicians. 
These recommendations, along with th~ current status of 
animal rabies in the region and information concerning the 
availability of rabies biologics, are available from state 
health departments. 
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2. Domestic Animals: Local governments should 
initiate and maintain effective programs to remove stray 
and unwanted animals and ensure vaccination of all dogs 
and cats. Since cat rabies cases now exceed those annually 
reported in dogs, immunization of cats should be required. 
Such procedures in the United States have reduced 
laboratory-confirmed cases in dogs from 8,000 in 1947 to 
132 in 1983. 
J. Wildlife: The control of rabies in foxes, 
skunks, raccoons, and other terrestrial animals is very 
difficult. Selective reduction of these populations, when 
indicated, may be useful, but the utility of this procedure 
depends heavily on the circumstances surrounding each rabies 
outbreak • . 
B. Control Methods in Domestic and Confined Animals: 
1. Pre-exposure Vaccination and ~anagernent: 
Animal rabies vaccines, because of species limitations, 
techniques, and tolerances, should be administered only by 
or under the direct supervision of a veterinarian. Within 
one month after vaccination a peak rabies antibody titer is 
reached, and the animal can be considered immunized. 
Do 2·s and Cats: 
'-..J 
All dogs and ca~s should be 
vaccinated a gainst rabies commencing at three months and 
reuaccinated with Fart II of this Compendium. 
?J 
b. Livestock: It is not economically feasible, 
nor is it· justified from a public health standpoint, to vac-
cinate all livestock against r~bies. Veterinary clinicians 
and owners of valuable animals may consider immunizing certain 
breeding stock located in areas where wildlife rabies is 
epi zoo,tic. 
c. Other Animals: 
(1) Animals Maintained in Exhibits and 
Zoological Parks: Exhibit animals, especially carnivores 
and omnivores having contact with the viewing public, should 
be quarantined from a minimum of 180 days. Since no rabies 
vaccine is licensed for use in wild animals, vaccination, 
even with inactivated vaccine, is not recommended. Pre-
exposure rabies immunization of animal workers at such 
facilities is recommended to protect the workers and to 
reduce the need for euthanizing a valuable .animal for rabies 
testing after it has bitten a handler. 
(2) Wild Animalsz Because of the existing 
risk of rabies among wild animals such as raccoons, skunks, 
and foxes, the American Veterinary Medical Association (AVMA), 
NASPHV, and the Conference of State and Territorial Epidemiol-
ogists· strongly _ reco:nmend the enactment of state laws 
prohibiting the interstate and intrastate importation, 
distribution and relocation of wild animals and wild animals 
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cross-bred to domestic dogs and cats. Further, these same 
organizations continue to recommend the enactment of laws 
prohibiting the distribution or keeping of wild animals 
as pets. 
2. Stray Animal Control: Stray dogs and cats 
should . be removed from the community, especially in rabies-
epizootic areas. Local health department and animal-control 
officials can enforce the pick-up of strays more efficiently 
if owned animals are confined or leashed when not confined. 
Strays should be impounded for at least three days to give 
owners sufficient time to reclaim animals apprehended as 
strays and to determine whether human exposure has occurred. 
J. Quarantine: 
a. International: Present USDA regulations 
(CFR No. 71154) governing ,the importation of wild and domestic 
felines, canines, and other potential rabies vectors, are 
minimal for preventing the introduction of rabid animals into 
the United States. All dogs and cats imported from countries 
with endemic rabies should be vaccinated against rabies at 
least JO days before entry into the United States.* The 
Center for Disease Control (CDC) is responsible for these 
animals imported into the United States. CDC's requirements 
* In regard to cats, these recommendations do not conform to 
the official recommendations of CDC and the U.S. Public 
Health Service. Although domestic feline raoies has 
increased, there has been no evidence of increased risk of 
imported rabies in c i ts. U.S. Foreign Quarantine Regula-
tions do not require rabies vaccinations for imported ca~s. 
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should be coordinated with interstate shipment requirements. 
The health authority of the state of destination should be 
notified within 72 hours of any animal conditionally admitted 
into its jurisdiction. 
The conditional admission of such animals into the 
United States must be subject to state and local laws govern-
ing rabies. Failures to comply with these requirements 
should be promptly reported to the director of CDC. 
b. Interstate: Before interstate shipments, dogs 
and cats should be vaccinated against rabies according to the 
Compendium's recommendations, preferably at least JO days 
before shipment. While in shipment, they should be accom-
panied by a currently valid NASPHV form #50 Rabies Vaccina-
~ 
tion Certificate. One copy of the certificate should be 
mailed to the appropriate public health veterinarian or 
state veterinarian of the state of destinat~on. 
c. Health Certificates; If ·a certificate is 
required for dogs and cats in transit, it must not replace 
the NASPHV rabies vaccination certificate. 
4. Adjunct Procedures: Methods or procedures that 
enhance rabies control include: 
a. Licensure: Registration of licensure of all dogs 
and cats may be used as a means of rabies control by control-
ling the stray-animal population. Frequently, a fee is 
charged for such licens ure, and revenues collected are used 
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to maintain a rabies or animal control program. Vaccina-
tion is usually recommended as a prerequisite to licensure. 
b. Canvassing of Area: This includes house-to-
house calls by members of the animal control program to 
enforce vaccination and licensure requirements. 
c. Citations: These are legal summonses issued 
to owners for violations, including the failure to vaccinate 
or license their animals. 
d. Leash Laws: All communities should adopt leash 
laws that can be incorporated in their animal control ordi-
nances. 
5. Postexposure Management: Any domestic animal that 
is bitten or scratched by a bat or by a wild, carnivorous 
mammal that is not available for testing should be regarded 
·as having been exposed to a rabid animal. 
a. Dogs and Cats: When bitten by a rabid animal, 
unvaccinated dogs and cats should be destroyed immediately. 
If the owner is unwilling to have this done, the unvaccinated 
animal should be placed in strict isolation for six months 
and vaccinated one month before being released. Dogs and 
cats that are currently vaccinat~d Should be revaccinated 
immediately and observed by the owner for 90 days. 
b. Livestock: All species of livestock are suscep-
tible to rabies infection. Cattle aµpear to be among the 
most susceptible of ~11 domestic animal species. Livestock 
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known to have been bitten by rabid animals should be destroyed 
(slaughtered) immediately. If the owner is unwilling to have 
this done, the animal should be kept u~der very close observa-
tion for six months. The following are recommendations to 
owners of livestock exposed to rabid animals: 
(1) If slaughtered within seven days of being 
bitten, tissues may be eaten without risk of infections, 
provided liberal portions of the exposed area are discarded. 
Federal meat inspectors will reject for slaughter any animal 
that has been exposed to rabies within eight months. 
(2) No tissues or secretions from a clinically 
rabid animal should be used for hQ~an or animal consumption. 
However, because pasteurization temperatures will inactivate 
rabies virus, drinking pasteurized milk or eating completely 
cooked meat does not constitute a rabies exposure. 
c. Control Methods in Wild Ani~als: Bats and wild 
carnivorous mammals, as well as wild animals cross-bred to 
domestic dogs and cats, that bite people should be killed, 
and appropriate tissue should be sent to the laboratory for 
examination for rabies. A person bitten by a bat or any 
wild animal should immediately report the incident to a 
physician who can evaluate the need for anti-rabies treatment. 
(1) Terrestrial Mammals: Since there is no 
evidence that these costly programs reduce either wildlife 
reservoirs or rabies incidence on a statewide basis, 
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persistent, continuous, and routine trapping or poisoning 
campaigns as a means of wildlife rabies control should be 
abolished. However, limited control in hi gh-contact areas 
(picnic grounds, camps, suburban areas) may be indicated for 
the removal of selected, high-risk species of wild animals. 
The public should be warned not to handle wild animals. 
The state game department should be consulted early to 
manage any elimination programs. when requested to do so by 
the state health department. 
( 2) Ba ts: 
(a) Rabid bats have been reported from 
every state except Hawaii and have caused human rabies 
infections in the United States. It is neither feasible nor 
practical, however, to control rabies in bats by area-wide 
bat population reduction programs. 
(b) Bats should be eliminated from houses 
surrounding structures to prevent direct association with 
people. Such structures should then be made bat-proof by 
sealing routes of entrance with screen or other means. 
The NASFHV Compendium Commi t tee: Melvin K. Abelseth, 
DVNI , PhD., chairman; John I, Freeman, DV1Vl, VIPH; Russell J. 
Martin, DVM. iVIPH; Grayson B. Miller, Jr. , iVID; James JI. 
Shuler, DV~, MPH1 and R. Keith Sikes, DVM, MPH. 
Consultants to the Committee: William H. H. Clark, DVM, 
AV~A Council on Public Health & Regul a tory Veterinary 
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Medicine, Kenneth L. Crawford, DVM, MPH; David A. Espeseth, 
DVM, Veterinary Biologics Staff, APHIS, USDA; Howard Koonse, 
Representative, Veterinary Biological Section, Animal Health 
Institute; Robert H. Miller, PhD, Representative, Veterinary 
Biological Section, Animal Health Institute: and William G. 
Winkler, DV1V1, MS, CDC, PHS, HHS. 
Endorsed by the Conference of State and Territorial 
Epidemiologists; AVMA Council on Public Health and Regulatory 
Veterinary Medicine. 
Table 10 lists the vaccines marketed in the United 
States. 
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TABLE 10 
VACCINES MARKETED IN THE UNITED STATES 
Age et 
Product name for use pr,mary Booster 
Vaccinn: generic name Produced by Marketed by In• Ooaaget vaccination§ recommended 
A. MODIFIED LIVE VIRUS 
Canine cell line origin · NORDEN ENDURAll-R 3 mos. & 
License No. 1 B 9 Norden Dogs 1 ml 1 yr. later Triennially 
High egg passage Cats 1 ml 3 months Annually 
----- ------ --- ---
_________ ._.... __ 
Canine tissue culture 
origin 
High cell passage 
Cenina tissue culture 
origin 
High cell passage 
B. INACTIVATED 
Murine origin 
PHILIPS 
ROXANE 
License No. 124 
PHILIPS 
ROXANE 
License No. 124 
FORT DODGE 
License No. 112 
NEUROGEN-TC 
Bio-Ceutic 
UNIRAB 
Bio-Cautic 
TRIMUNE 
Fort Dodge 
Dogs 
Dogs 
Dogs 
Cats . 
1 ml 
1·ml 
1 ml 
1 ml 
3 mos. & 
1 yr. later 
3mos. 
3 mos. & 
1 yr. leter 
3 mos. & 
1 yr. later 
Triennially 
Annually 
Triennially 
Triennially 
Murine origin FORT DODGE ANNUMUNE Dons 1 ml 3 months Annually 
Annually License No. 112 Fort Cadge Cats 1 ml 3 month1 
Murine origin 
Mur&ne origin 
Murine ortgin 
DOUGLAS BIORAB-1 
Ucenae No. 165-B Schering 
DOUGLAS 
license No. 165-B 
WILDLIFE 
\I ACCINES. INC. 
License No. 2 7 7 
Veter&nary 
BIOAAB-3 
Schering 
_ v~n!!!l 
CURA-RAB 1 
Wildlife vaccines 
Dogs 
C~ts 
Dogs 
Cats __ 
Dogs 
& TechAmerica Cats 
Hamster cell line origin BEECHAM RAB CINE 
Beecham 
Oogs ·-
Cats license No. 225 
Hamster cell line origin BEECHAM RABCINE·FELINE 
Beech em license No. 225 Cats 
- ...... - - --. ._ - - - -- - - ._ - -- - -
Porcine cell line origin NORDEN 
License No. 189 
ENDURALL·K 
Norden 
Cogs 
Cats 
--- - -- - - - - .__ - - - - - - - -- - - - -
Porcine cell line origin 
Monkey cell line origin 
Monkey cell line origin 
Feline cell line origin 
NORDEN 
License No. 18 9 
WELL COME 
License No. 107 
WELL COME 
license No. 107 
RABGUARO-TC Dogs 
Norden 
CYTORAB 
Wellcome 
Cats 
Dogs 
Cats 
TRIRAB & Cogs 
DELTA-RAB 
Wellcome Fromm Cats 
FROMM RABVAC Dogs 
Cats License No. 195-A Fromm 
1 ml 3 months Annually 
1 ml 3 months Annually 
1 ml 3 mos. & 
1 yr. later Triennially 
1 ml _ 3 _!!!onths _ Annua.!!r. 
1 ml 
1 ml 
1 ml 
1 mt 
1 ml 
1 mf 
1 ml 
1 ml 
1 ml 
1 ml 
1 ml 
1 mt 
1 ml 
1 ml 
1 ml 
3 months 
3 months 
3 months 
3 months 
3 months 
3 monlhs 
3 months 
3 mos. & 
1 yr. later 
3 mos & 
1 yr. later 
3 months 
3 months 
3 mos. & 
1 yr. later 
3 monlhl 
J months 
3 months 
Annually 
Annually 
Annually 
Annually 
Annually 
Annually 
Annually 
Triennially 
Triennially 
Annually 
Annually 
Triennially 
Annually 
Annually 
Annually 
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TABL~ 10 CO~TINUED 
-- ~ - ~ - ~ ~ - -- - -- ~ ~- -
t·bmster csll lins origin MER!EUX IMAAS Dogs i ml 3 mos & 
lic@n'Hi' No. 29B Pitrnsn~Moore \yr . lalnr Tcianniallv 
Sh('.';ep \ml 1 mos & 
~ yr. lat e- r Tf iem1isHr 
Cat si i ml 3 monlt1 :t An1 qall 
Cattle 2ml 3 monlhs· /. r1ttually 
C. COMBINATION 
hlino cell lin~· origin FROMM ECLIPSE 3 KP-A Cats 1 ml 3 months Annuall'f 
licens& No. e 95-A !>romm 
-- - - -
__., ~ 
- -
....... ~ - -~ - ~- ~ ·~ --
._ .. 
<-
--
·Feline c~U line origin FROMM ECLIPSE 4 KP~R Ca ls \ml 3. mor.ltb~ Annually 
license No. 195-A Fromm 
--- - - - - - - - - - - - - - - - - -
- - - - -
Monkey c:elt .line origin WELLCOME CYTORABRCP Cats 1 ml 3 months Annually 
License No. 107 Wellcome 
-- - - -- - - - - - - - -
..... 
- · - - - - -
Murin• origin FORT DODGE FEL-0-VAX C•l11 1 ml 3 mo: . Bi. T1iam1iallv 
UcanH No. 112 PCT-R 1 yr. lalt>r 
Fort Dodge 
tefers only to domestic sooc~s of lhis ch!ss of animals. 
§All .,.accines mu5t be administ ered intrBmuscularly at one si!s m th6' fh igll. 
Thre-e months is th" earliest •bi ~ rtJc;ommended O nd · 
cinate-d 1 veer ~ler. . ogs a ~ts 'l:!l)Ccmol~d bstwt;en 3 a11d 12 months should bil revac-
CHAPTER 7 
ANI~AL RABIES 
General Symptoms 
A. Furious Rabies: Symptoms divided into three different 
stages. 
First Stage: A change in disposition. 
1. Troubled, distracted look in eyes (appealing). 
2. Lack of desire to be friendly with man or others of 
own species or may be more friendly and gentle than normal. 
J. Animal becomes either ~estless or unusually quiet. 
4. May return to normal before entering next stage. 
Second Stage: 
1. Animal wanders about avoiding familiar individuals. 
2. Becomes excitable. Moves ceaselessly, snapping or 
biting at any objects, real or imaginary, in its path or at 
recent wounds on its own body. 
J. Barks or cries repeatedly without cause or can be 
completely silent. 
4. Fine tremors often followed by spasmodic muscle 
contractions. 
5. Perverted appetite~ chewing and swallowing almost 
any object. 
6. Animal travels longer distances than normally. Pets 
frequently fail to return home. 
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7. Hair is often pulled from points of irritation or 
the skin is rubbed raw. 
8. Periods of normality (varying in duration) are some-
times present before symptoms of the third stage become 
apparent. 
Third Stages Paralytic symptoms. 
1. Tremors: When present, start in head; advance to 
encompass forequarters. 
2. Incoordination: 
Sometimes present with incoordination. 
Starts in either fore or hind limbs; 
becomes most pronounced in hindquarters; precedes paralysis; 
may be present or absent at start of paralysis. 
3. Paralysis: Most often begins in extremeties and 
then ascends; will encompass hindquarters before proceeding 
anteriorly (forward); usually present during third stage. 
Progress of paralysis slow to rapid depending on several 
factors: length of other stages, condition . of animal, amount 
of virus present in system, and unknowns. 
4. A reoccurrence of behavior patterns noted in first 
two states inc~uding periods of nor~ality; often intersperse~ 
between symptoms of the paralytic stag e. 
5. Excessive salivation sometimes noted but more often 
it is absent. 
6. Throbbing or itching sometimes present at joints 
prior to complete paralysis. 
7. Animal will occasionally try to chew off limb or 
irritated area. 
8. Infrequently the lower jaw hangs loose and the 
tongue protrudes. 
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9. Head may be turned abnormally or droop listlessly. 
10. Vision impaired; blindness may develop in one or 
both eyes. 
11. Hearing usually normal to the end. 
12. Total absence of feeling in paralyzed parts of body. 
13. Prostration period varies from a few hours to 
several days. 
B. Dumb Rabies: Paralytic rather than irritative 
symptoms prevail. 
1. Change in disposition not often seen but may occur. 
2. The second or furious stage is absent. 
3. Animal is lethargic as if toxic. 
4. Tremors and paralysis soon develop and are followed 
by prostraGion. 
5. Animal dies after lying quietly for several days. 
C. Atypical Rabies: Symptoms that do not follow the 
norm; may be confused with other diseases. 
1. Occasionally furious symptoms without biting 
behavior are noted. Under this condition a defensive rather 
than an offensive behavior has been observed. 
2. Tremors building to tetanus-like convulsions alter-
nate between periods of quiet. This may or may not be 
followed by paralysis before death. 
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3. Absence of paralysis until the time of death is 
occasionally observed. Under these circumstances incoordi-
nation with an inability to stand have been noted. 
4. Absence of any symptoms until death. 
Table 11 shows the total reported cases of rabies in 
the United States and Florida. 
(, 
TABLE 11 
TOTAL REPORTED CASES OF RABIES 
IN THE UNITED STATES* A~D FLORIDA 
1953-1983 
Year I Un i ted States I F1orida . 
1953 I RR17 I h~ 
1954 728? 91 
1955 5844 84 
1956 5846 I 64 
1957 4RO? I 1?? 
1958 4814 62 
1959 4083 
' 
58 
1960 3457 37 
1961 3470 68 
1962 3727 72 
1963 3933 90 
1964 4784 105 
1965 4584 78 
1966 4198 78 
1967 4609 82 
1968 3()13 112 
1969 35?? 1 Rn 
1970 ~276 qr; 
1971 4392 7n 
1972 4427 87 
1973 3698 43 
1974 3200 50 
1975 2677 37 
1976 3146 100 
1977 3182 93 
1978 3298 47 
1979 5150 79 
1980 6481 101 
1981 7210 116 
1982 6278 3G 
1983 5860 
I 
* Including Guam, Pue rto Rico, and the Virgin Isla nds 
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Source: Cases reported by Center for Dis e ase Control 
Prepared by H. He s hma t i, vl . D. 
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Rabies in Raccoons 
In 1936 the first recorded case of rabies among raccoons 
in the United States occurred in California. Since then, 
seven states have reported cases consistently and 36 states 
sporadically. Florida and Georgia have been reporting more 
cases than other states and only Florida has reported cases 
each year since 1953. 
The highest incidence appears to correlate with the 
breeding season, but the disease occurs throughout the year. 
During breeding season the aggressive adult males roam over 
large areas engaging in fierce fighting. Raccoons in north 
and central Florida breed between January and August. 
Perhaps more cases are reported and outbreaks recognized 
during the breeding season because the animals are more 
obvious due to increased movement and activity. 
Clinical rabies does not develop uniformly in raccoons 
upon exposure even when the animals are challenged with high 
doses of the virus under laboratory conditions. ~any have 
a subclinical infection as evidenced by the high prevalence 
(29~-40%) of seropositivity in populations that have 
experienced an epizootic and by the persistence of antibody 
in the individual animal and populations. 
Raccoons were a known source of infection for canine 
outbreaks in several metropolitan areas. Most human 
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exposures occurred when people approached these fearless 
animals. Dreesen and Burnham reported that J9% of the 
infected raccoons they found were in residential yards 
during daylight; J4% attacked dogs and 1J% showed no fear 
or attacked humans. 
Two studies have provided information on the raccoon's 
response to rabies virus. Sikes and Tierkel inoculated 
several raccoons with the virus isolated from a fox sali-
vary gland and documented a mean incubation period of 21 
days (range 1-13 days). Virus was isolated from 63% of the 
animals which died. Sanderson inoculated raccoons with the 
virus isolated from a raccoon captured in Florida in 1961. 
The incubation periods were longer with a mean of J2 days 
(range 18-66 days). In additi~n, the brain and salivary 
glands of all dead animals yielded the virus. An important 
observation was possible "reactivation" of the virus in one 
of six surviving raccoons 107 days after inoculation and 15 
days after initiation of cortisone treatment. 
Each year several cases of rabies in raccoons are 
reported among those kept as pets. An epidemiologic survey 
which was conducted by the Veterinary Public Health Section 
between June JO, 1971, and July 1, 1972, revealed that the 
animals bite or scratch about J50 people each year. 
Inquiries show more than 150 or 43~ of the animals may be 
rabid. 
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Nineteen percent of 1/5 of animals examined were found 
to be rabid. Infection of the bladder and no aggressive 
behavior suggest the possibility of urinary transmission. 
Specific Signs and Symptoms of Rabies in Raccoons 
!. Shows no fear of humans. 
2. More aggressive than the fox. 
J. Paralytic stage only most often seen in central 
United States. 
4. Friendly behavior has been noted in raccoons and 
coyotes. 
5. Incoordination (staggering) and paralysis often 
only symptoms .observed. 
Table 12 and Graphs 1 and . 2 show the number and per-
centage of rabid raccoons in the United States and the 
state of Florida. Until 1983 the percentage of rabid 
raccoons in the United States has increased slowly, but 
it has not been a serious proble~. Conversely, in the 
state of Florida the rabid raccoon has been the most 
important case of rabies. Figure 2 is an example of 
distribution of rabies in raccoons in the United States 
from January to June, 1977. 
I 
I 
TABLE 12 
REPORTED RABIES CASES IN RACCOONS 
IN THE UNITED STATES* AND FLORIDA 
1953-1983 
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Year I United States I Percentage Florida I percentage *'* ** 
1953 I 40 0.5 10 
. 
1954 
I 
48 I 0.7 I 16 
1955 37 0.6 I 11 I 
1956 4] 0_7 I 11 I 
1957 I 36 I 0.7 7 
1958 50 1 15 
1959 43 I . 1 20 I 
1960 47 1. 3 22 
1961 58 1. 7 44 I 
1962 62 1..7 39 
1963 162 4.] 62 
1964 t 173 3.6 47 
1965 99 2.1 32 
1966 133 .3. 1 37 
1967 143 3.1 50 
1968 153 4.2 82 
1969 255 7.2 13f1 
1970 181 5.5 68 
1971 190 4.3 48 
1972 162 3.6 49. 
1973 114 3 23 
1974 176 5.5 39 
1975 192 3.8 30 
1976 277 8.8 51 
1977 281 8.8 64 
1978 404 12.2 33 
1979 
' 
543 10.5 54 
1980 394 6 84 
1981 481 6.7 79 
1982 1156 18.4 51 
1983 1906 32.5 56 
·* Including Guam, Puerto Rico, and the Virgin Islands 
** Percentage of total cases per year 
Source: Case reports by Center for Diseas e Control 
Prepared by H. Heshmati, ~ .D. 
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GRAPH 1 
PhRCENTAGE OF REPORTED CASES OF RABIES IN RACCOONS 
BY YEAR OF OCCURRENCE IN THE STATE OF FLORIDA 
1953-1983 
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GRAPH 2 
PERCEN'l1AGE OF REFORTED CASES OF RABIES IN RACCOONS 
BY YEAR OF OCCURRENCE IN THE UNITED STA~'ES 
1953-1983 
--- . - _ ___....___. 
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Year of Occurrence 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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FIGURE 2 
Svmbols are plotted at t ulation center of each count . 
EXA.l'\:IFLE OF DISTRIBUTION OF RABIES IN RACCOONS 
JANUARY-JUNE 1977 
Legend 
• 1-5 cases 
• 6-10 cases 
. ') 
Sourcea Rabies Surveillance Computer Graphic Plot, 
Continental United States, Center for Disease 
Control 
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Rabies in Skunks 
The earliest account of rabies among skunks in the 
United States appears to involve the spotted skunks 
(Spilogale Putorius) in lower California in 1826 (Johnson, 
N. E. 1960). Several epizootics among animals and several 
human deaths have been recorded in southwest and midwest 
United States throughout the mid-1800s. After 1870, the 
virus has become firmly established and currently skunks 
account for slightly more than 40% of all rabies in the 
United States. 
In Florida, skunks have not been important as a source 
of rabies. From 1905 through 1973 only 44 rabid skunks can 
be identified from records in Florida. Although spotted 
skunks are common in some areas ,in Florida, most of the 
cases were presumably the striped skunk, Mephitis Mephitis. 
In June 1916 the first case confirmed in laboratory was 
from Duval County. 
Since 1951 skunks have accounted for one to three per-
cent of all rabies cases in Florida. There is no seasonal 
differ8nce among animals in Florida, but incidence of rabies 
among skunks in midwestern states peaks between April and 
July (Verts, B. J. 1967). 
The animal with furuous rabies usually will not scent, 
attacks with its tail down or out, and bites rapidly and 
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repeatedly. The peripheral vision is greatly reduced and 
blindness eventually ensues. Some rabid skunks may have 
paralysis and show friendly behavior, but most signs of 
rabies among skunks include restlessness and excitability. 
A rabid skunk may circle, run into objects, show no excessive 
salivation, and usually is silent (See Table 1J and. Graph J). 
Summary of Signs and Symptoms in Rabid Skunks 
1. Restless and excitable. 
2. Exhibit hyper-friendly behavior. 
J. Usually will not scent (90% of cases observed) while 
furious. 
4. Will attack with its tail down or strai ght out behind. 
~ 5· When attacking, it will bite repeatedly and rapidly. 
6. Out of season oestrus, as a result of rabies, 
occasionally present in females will cause males to copulate. 
7. Has greatly reduced peripheral vision. 
8. Is usually silent. 
9. Exhibits no excessive salivation. 
10. Blindness with resulting circling and running into 
objects often observeda 
11. Period of s~nptoms 6-12 days. 
Since skunks emit almost 100 times more virus per volume 
of saliva, their bite should be considered more dangerous 
than that of foxes. In Florida, 1/lJ of skunks examined have 
been found rabid (See Graphs 4 and 5 and Fi gure J). 
TABLE 13 
REPORTED RABIES CASES IN SKUN~S 
IN THE UNrrED STATES* AND FLORIDA 
1953-1983 
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Ye_:_J_ United States I Percentage ~da percentage *' ** 
1953 I 319 I ]__ 1 
1954 I 547 I 7 I 2 
1955 I 580 I 10 I 1 I 
1956 I 631 I 10 I 0 
1957 I 775 I 16 2 
1958 J 1005 .I . 20 2 
1959 879 I 19 0 
1960 725 I 20 0 
1961 1254 I 36 2 
1962 I 1449 I 38 3 
1963 
' 
I462 1 37 5 
-1964 1909 i 39 6 
1965 1582 34 4 
1966 1522 36 2 
1967 I I568 I ~: 34 2 -1968 1400 38 ~1 
1969 1156 - T 32 0 
1970 1235 37 . 1 
1971 2018 45 3 
1972 2095 47 1 
1973 1851 i -- 50 1 
1974 
' 
Ill2I 
' 
45 0 
1975 1228 -~-i--·-·-· 4 5 I- 1 1976 l -1468 46 0 
1977 t 
. . 
51 0 1631 
1978 1657 
-+- 50 1 1979 I 3031 58 1 1980 4095 + 63 3 1981 4480 62 3 -1982 3088 ,---· 49 2 
1983 2285 ==r 3.8 1 
~ -~-----
* Including Guam, Puerto Ri c o, and the Vir g in Isla nds 
** Percentag e of total c a ses per year 
Source: Case report e d by Center for Disease Control 
Prepared by H. Heshmati, W.D. 
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MONTHLY DISTRIBUTION OF SKUNK 
RABIES CASES,1953-1983 
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Source: HRS, State of Florida Monograph #14 
(Rabies in Florida) 
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GRAPH 4 
PERCEN'rAGE OF REPORTED CASES OF RABIES IN SKUKKS 
BY YEAR OF OCCURRENCE IN THE STATE OF FLORIDA 
195J-198J 
98 
55 57 9 61 63 65 67 69 71 73 75 77 79 81 83 
54 56 58 60 62 64 66 68 70 72 74 76 78 80 · 82 
Ye a r of Occurrence 
Sourcez Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
p' 
e 
r 
c 
e 
n 
t 
a 
g 
e 
0 
f 
c 
a 
s 
e 
s 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
195 
GRAPH 5 
PERCENTAGE OF REPORTED CASES OF RABIES I N SKUNKS 
BY YEAR OF OCCURRENCE I N THE UNI TED STATES 
1953-1983 
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Year of Occurrence 
Source: Case reported by Center for Diseas e Control 
Prepared by H. Heshmati, M.D. 
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EXAMPLE OF DISTRIBUTION OF RABIES IN SKUNKS 
JANUARY - JUNE 1977 
Legend 
• 1-5 cases 
• 6-10 cases 
• > 
Sourcez Rabies Surveillance Computer Graphic Flot, 
Continental United States, Center for Disease 
Control 
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Rabies in Bats 
The first case of rabies in bats in the United States 
was recognized in 1953 from Hillsborough County, Florida, 
after exa~ination of a lactating femaleyellow bat, Lasiurus 
Intermedius Floridanus (Venters, H.D. et al. 1954). It 
attacked a seven-year-old boy without provocation, bit him 
on the chest, and remained firmly attached. Then, during 
the same year, J84 bats were collected in Florida and Georgia. 
Four yellow bats, one Se~inole bat, Lasiurus Seminolus, and 
one southeastern myotis bat, Myotis Brasiliensis Cynocephala, 
from Georgia, were found to have rabies. Between 1953 and 
1973, 9,125 of these animals were examined with 297, or J%, 
considered positive for rabies. 
The disease among bats does not appear to be increasing 
as a percentage of the total wildlife incidence of reported 
cases shifted starting in 1962. From 1953 to 1961 of 6,832 
bats examined, 61 (0.89%) were positive for the disease; 
from 1962 to 1973 an additional 2,293 bats (10.25%) positive 
animals. During each interval the incidence fluctuated 
year-to-year but there were no sig nificant differences from 
the overall mean of the respective interval. This shift, 
however, may not be actual. Prior to 1962 many bats were 
tested which had been collected by the Veterinary Public 
Health Section. These may have diluted out of the number 
of positives and lowered the yearly incidence of cases. 
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Also in 1962 the method of laboratory diagnosis was changed 
from mouse inoculation and negri body examination to fluores-
cent antibody testing and negri body examination. 
Approximately 75% of cases occur between May and September, 
and the peak incidence is in July and August (Schneider, 
N.J. et al. 1957). Colonial bat species have been reported 
more often in the United States and Canada than noncolonial 
species (Beauregard, M. 1969). 
In the state of Florida, the colonial free-tailed bat, 
T,B,cynocephala, accounts for 4.5~ and noncolonial yellow 
bat accounts for 62.9% of bat rabies cases. Since 1966, one 
in every seven yellow bats submitted for examination has been 
found rabid. 
The most commonly infected species of bats in the 
United States are as follows: 
1. Big brown bat or Eptesicus Fuscus. 
2. Mexican free-tailed bat or Tadarina Brasiliensis 
~exicana. 
J. Genus of Myotis. 
4. Genus of La Siurus, especially L.borealis or red 
bat, and hoary bat, or L.cinereus (Baer and A~ams 1970). 
Almost all human contacts with both rabid and non-rabid 
bats result from people handling partially paralyzed or sick 
bats rather than direct attack. A similar situation appar-
ently occurs with dog and cat contacts. Scatterday and his 
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associates observed cats using moribund and rabid bats as 
practice g ame on several occas ions . Also, the arboreal 
habitat of the yellow bat is frequented by the grey squirrel, 
Sciurus Carolinesis, flying squirrel, Glaucomys Volans, 
raccoon, Procyon Lotor, oppossum, Didelphis Marsupialis, and 
black rat, Rattus Rattus. The gray fox also has the ability 
to climb trees. The potential for interspecific transmission 
of rabies among these species is cre sted when clinically ill 
yellow bats are encountered either in trees or on the ground . 
Some investi gators have attempted to relate rabies in the 
gray and red fo x to ingestion of colonial bats. There appears 
to be no relationship in Florida since littl e rabies among 
foxes has been reported from areas having known bat rabies. 
At present no feasible means exist to control bat rabies. 
Vaccination is imp racticable especially with migratory 
species. When some species of colonial bats .are implic ated 
as vectors of rabies, they can be exterminated in their 
roosts, and roosting sites in building s or caves can be made 
inaccessible by physical means. Essentially nothing can be 
done to eliminate tree inhabiting bats. 
Some species of bat especially noricolonial (yellow bat) 
usually after infection, become furious, attack without 
provocation and will die with encephalitis. In non-lethal 
infection, the bats usually survive without symptoms, and 
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serum antibodies develop against the virus. If the si gns of 
disease appear, they are those of paralysis, not furiousness. 
The most important epidemiological question concerning 
rabies in bats is the possible transnission of the virus to 
terrestrial wildlife species by ingestion, bite, or aerosol. 
The disease is readily transmitted by the bite of vampire 
bats (Desmodus Rotundus) during their normal feeding to 
susceptible cattle and other domestic animals. Over 170 
human rabies deaths attributed to vampire bat bites have 
been reported from several Latin Am~rican countries since the 
Trinidad outbreak in 1929. 
Rabies in insectivorous bats has also been transmitted 
to man by bite in the USA, Canada, and some Latin Am8rican 
countries. However, natural transmission of rabies from 
insectivorous ba ts to otner terrestrial animals by biting 
has not been observed to date. Experimental transmission 
from rabid bats with infectious saliva to other susceptible 
animals by the bite route has proven extremely difficult. 
The incubation period of the disease in bats is unknown, 
however, the virus is capable of surviving for periods of 
three months. Presumably the virus is ·spread by bite 
although aerosol transmission has been documented in colonial 
bat caves of the southwestern states (Constantine, D.C. 1962). 
Flightless, sucking bats have been found rabid in Florida, 
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and some southwestern states. Experimental infection studies 
of various species have elucidated some aspects of rabies 
among bats, but many questions remain unanswered (Sulkin and 
Allen 1974). 
Summary of Symptoms in Bats 
1. Abnormal flying sometimes observed. 
2. Sometimes emits harsh cries while flying. 
J. Virus is present in the saliva for long periods of 
time prior to and after symptoms. 
4. Recovery from the disease is sometimes noted. 
5. Occasionally has the disease without any apparent 
symptoms. 
6. Sometimes found partially paralyzed on the ground. 
7. Suspect rabies in any bat captured by a dog or cat. 
8. Will attack and bite humans as well as other animals. 
Tables 14 and 15, Graphs, 6, 7, and 8, and Figure 4 
pertain to rabies in bats. 
TABLE 14 
REPORTED RABIES CASES IN BATS 
IN THE UNITED STA'l1ES-><- AID FLORIDA 
1953-1983 
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Year 
I 
United States 
I 
Percentage Florida 
I 
percentage 
** ** 
1953 I 8 I 0.1 8 
1954 4 I 0.05 3 
1955 14 I 0.2 I 9 I 
1956 41 I 0.7 12 
1957 31 0.6 
' 
7 
1958 68 I 1.4 7 
1959 80 I 1. 9 I 7 
1960 88 2.5 4 I 
1961 146 I 5.3 7 
1962 157 4 .. 2 14 
1963 303 7.7 13 
1964 352 7.2 44 
1965 484 10.5 38 
1966 377 I 8.9 21 
1967 414 8.9 14 
1968 291 8 18 
1969 321 9.1 21 
1970 296 9. 9 
1971 LJ.f\~ in r:; 17 
1972 504 ] 1. 4 ?n 
1973 432 11. 7 10 
1974 537 16.8 5 
1975 514 19.2 2 
1976 737 23.4 38 
1977 637 20 16 
1978 453 13.7 8 
1979 5.77 11. 2 10 
1980 726 11. 2 8 
1981 858 10.4 17 
1982 975 15.5 18 
1983 909 15.5 · 69 
* Including Guam, Puerto Rico, and the Virgin Islands 
** Percentage of total cases per year 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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TABLE 15 
BAT RABIES IN FLORIDA COMPARED WITH THE 
UNITED STATES, GEORGIA, AND ALABA~A 
1964-1973 
United States* Florida Georgia Alabama 
Year Cases Percent Cases Percent Cases Percent Cases Percent 
1964 352 7 45 42 2 1 0 0 
1965 484 10 38 48 15 20 2 11 
1966 377 8 21 26 16 14 J lJ 
1967 414 8 14 17 27 22 3 5 
1968 291 8 18 16 13 15 2 6 
1969 321 9 21 11 5 4 · 1 1 
1970 296 19 9 9 7 6 6 12 
1971 465 10 17 22 9 6 4 6 
1972 504 11 20 22 4 J 1 1 
1973 411 11 10 23 6 6 1 2 
TOTAL 3915 8 213 22 104 9 23 5 
* Percentage based upon total number of rabies cases in the 
respective geographic areas. 
Source: Center for Disease Control, Animal Rabies Summaries, 
1964 through 1973 
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GRAPH 6 
MONTHLY DISTRIBurrroN OF BAT RABIES CASES 
1953-1 973 
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GRAPH 7 
PERCENTAGE OF REPORTED CASES OF RABIES IN BATS 
BY YEAR OF OCCURRENCE IN THE UNirED STATES 
1953-1983 
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Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M. D. 
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GRAPH 8 
PERCENTAGE OF RE~ORTED CASES OF RABI ES 11 BATS 
BY YEAR OF OCCURRENCE IN r:eHE S~I:'ATE OF FLORIDA 
1953-198 3 
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Year of Occurrence 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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FIGURE 4 
Symbols are plotted at t ulation center of .each count . 
EXkv'IPLE OF DIS1rRIBUTION OF RABIES IN BATS 
JANUARY - JUN_J: __ 1_977 
Legend 
• 1-5 cases 
£ 6-10 cases 
• '> 
Source: Rabies Surveillance Co~puter Graphic Plot, 
Continental United States 
Center for Disease Control 
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Rabies in Foxes 
Two species of fox are accounted to rabies cases in 
foxes: the gray fox and the red fox. The latter has been 
the perpetuation of rabies epidemics in central, western, 
and eastern Europe. Both species have been found in the 
United States and Florida. The first recorded cas e s in 
Florida occurred in 1913 and an epizootic in 1947 and 1948 
in Jefferson County has been the first recorded outbreak 
of disease among Florida wildlife. 
In recent years rabi e s among foxes has declined in the 
United States and Florida. The prevalence among foxes is 
lower in Florida than in Georgia, Alabama , and the United 
States. Between 1958 and 1973 a little more than one in 
every .11 foxes submitted for examination in Florida were 
found infected with the virus. 
In Florida all fox rabies cases since 1951 have been 
among animals found in that part of the state from llarion 
County north and west of St. Johns River. Seventy-four 
percent of cases reported between 1955 and 1973 occurred 
between December and May. This period coincided with 
breeding and whelping activities and is the time of greatest 
intraspecific contacts. The current reporting system does 
not differentiate, between the two species, but most cases 
apparently involve the gray fox. 
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Studies have shown that foxes are more susceptible to 
rabies infection than skunks, raccoons, or opossums (Baer, 
G.H. et al, 1971). Less than 1/50 to 1/8000 the amount of 
virus required to infect other species is sufficient to 
cause the dise~se in foxes. When a small amount is 
administered, the incubation period is usually more than 
JO days and virus is excreted in the saliva. A larger dose 
usually has an incubation period of less than JO days and 
the animal seldom excretes virus in the saliva. The incu-
bation period for naturally acquired rabies is not known. 
Variable types of behavior have been observed among 
rabid foxes in Florida. Most, however, conform to two 
general patterns. The fox may appear suddenly and launch 
an aggressive attack with variable success. His condition 
usually determines the results, but in most instances a 
bite is delivered. In the second pattern the fox is seen 
in the daytime often in a confused or weakened condition. 
Generally, attacked by dogs or people, the animal offers 
little or no defense. 
Clinical disease in the fox with furious rabies usually 
lasts two to four days. In this stage the ani~al is rest-
less and soon becomes vicious. There may be a characteristic 
harsh cry or change in bark, believed to be caused by 
paralysis of laryngean muscles. Some animals continue to 
eat and drink, although many have difficulty chewing and 
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swallowing. The strong, furious actions slowly subside into 
weaker, less aggressive behavior and the final stage becomes 
similar to that of the animal with dumb rabies. The signs 
may include incoordination, tremors, convulsions, prostra-
tiont paralysis, and eventually death. During this time the 
saliva contains the greatest amount of virus which also may 
be present prior to detection of clinical signs. 
The latent infections in individual foxes has not been 
proven . (Irvin, A.D. 1970). Tierkel concluded that the foxes 
do not transmit the disease as symptomless carriers, since 
salivary glands were never found infected without concurrent 
infection of the central nervous system (Tierkel, ~.s. 1959). 
They are highly susceptible and aggressiveness makes the 
disease usually apparent immediately. 
Sporadic cases probably result from contact with 
inapparent rabid source and epizootic rabies usu~lly trans-
rni tted by bite from fox to fox. Forty-one percent of r a bid 
foxes bite or scratch people. Localized outbreaks are 
usually self-limiting and sporadic cases cannot be controlled. 
The supply of susceptible individuals become exhausted 
either by immunization or mortality • . The extensive epizootic 
which swept the panhandle in the 1950s could not be controlled 
by trapping due to lack of coopera~ion by local people. 
Theoretically fox rabies can be controlled on a long-term 
basis by lowering population densities to a level which would 
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not support an epizootic. Other states have attempted to 
reduce populations by poisoning , gassing, and bounties. In 
most instances these appear to have failed du e to the bio-
logical principal that in some animal populations such as 
foxes, reproduction and survival is greatest when the 
population is reduced. Use of chemical reproduction 
inhibitors has held promise in experimental studies, but the 
results of field trials have been inconclusive. Immunization 
of wildlife is not yet practical but may become so in the 
near future. 
The most promising possibility is the oral immunization 
of foxes with ERA strains. So far no other wildlife species 
has proven as amenable to this treatment as the fox. How-
ever, the use of vaccine in baits under practical conditions 
as well as the possible pathogenicity of the vaccine virus 
for the fox . and other wildlife species requires special 
attention and much more investigation. If this method 
eventually proves practical, it appears that at least 75fe 
of foxes should be immunized for effective control, but 
annual revaccination would be necessary since this animal has 
a high population turnover. 
Summary of Signs and Symptoms of Rabies in Foxes 
1. Often shows no fear of humans. 
2. In north United States usually not aggressive but 
often cannot be chased away. 
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3. Has a chang e of voice (harsh cry). 
4. Third stage (paralytic) most often seen up north. 
5. Excessive salivation seldom evident. 
6. Occasionally pulls hair from p a rts o f tail a nd l eg . 
7. Paralysis and death in five to ei ght days. 
8. Elsewhere in the U.S. the furious stage is seen 
more often. 
9. Extreme fear occasionally observed. 
Table 16, Graphs 9, 10, and 11, and Figure 5 pertain to 
rabies in foxes. 
Year 
1953 I 
1954, 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
TABLE 16 
REtORTED RABI ES CASES I ~ FOXES 
IN THE UNITED S'l1 ATES?~ AI'D FLOR I DA 
1953-198 3 
United States Percentage *1 Florida 
1033 11. 7 I 15 
1028 I 14.1 19 
1223 20.9 I 12 
1281 I 21. 9 14 
1021 I 21. 3 73 
845 I 17.5 16 
920 I 22.5 10 
915 26.5 1 
614 17.7 1 
I 594 I 15.9 4 
622 15.8 3 
1061 22.1 0 
1038 22.6 0 
8f'4 20.6 10 
S7J 21. 2 7 
801 22.1 2 
888 25.2 13 
771 23.5 8 
877 15.4 4 
645 14.6 4 
477 12.9 1 
302 9.4 4 
276 10. 3 0 
187 5.9 4 
122 3.8 3 
148 4.5 1 
145 2.8 5 
213 3.3 3 
193 2.7 7 
222 3.5 7 
111 1. 9 
* Includes Guam, Puerto Rico, and the Virgin Islands 
** Percentage of total cases per year 
Source: Case reported by Center for Disea se Control 
Prepared by H. Heshmati, M.D. 
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GRAPH 9 
MONTHLY DISTRIBUTIO ~ OF FOX RABIES CASES 
1953-1973 
F M A M J ' J A s 0 N D 
Source: State of Florida dionogra:r;h #14 
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PERCEN~AGE OF REPORTED CASE3 OF RABI~S IN FOXES 
BY YEAR OF OCCURRE1~CE rr THE Ul I'I'ED STATES 
1953-1983 
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Year of Occurrence 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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GRAPH 11 
PERCE1 ;'I'AGE OF REPORTED CASES OF RABI.r:,S Ii FOXES 
BY YEAR OF OCCURRENCE I~ ThE STATE OF FLORIDA 
1953-1983 
120 
55 57 59 61 63 6 67 69 71 73 5 77 79 81 83 
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Year of Occurrenc~ 
Source: Case reported by CPnter for Disease Control 
Prepared by H. Heshrnati, M .D. 
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FIGURE 5 
Symbols are plotted at t ulation center of each count . 
Legend 
• 1-5 cases 
.. 6-10 cases 
. ) 
EXAMPLE OF DISTRIBUTION OF RABIES IN FOXES 
JANUARY - JUNE 1977 
Source: Rabies Surveillance Computer Graphic Flot 
Continental United States 
Center for Disease Control 
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Rabies in Squirrels 
Since 1905 only two cases of rabies in squirrels were 
recorded in the state of Florida. The first was a gray 
squirrel which diagnosed in 1913 and the second was a flyin g 
squirrel captured in Pinellas County in July 1961 (Venters 
and Jennings 1962). 
In the United States rabies has been detected in various 
species in squirrRls and almost 184 cases were recorded 
between 1953 and 1970. The Bureau of Laboratories from 1957 
through 1973 examined 6,472 squirrels and reported raties in 
only flying squirrels. Gray squirrel experimentally has 
been infected with virus from yellow bats and raccoons and 
found to be susceptible (Venters and Jennings 1962). 
Thirty squirrels trapped in Orange Park in Clay County 
were inoculated intramuscularly with rabies virus and 20 
(66/o) with higher titers in those inoculated with virus of 
raccoon origin. Incubation periods ranged from 18 to 86 
days, longest in those that received the smallest dose of 
virus. Clinical signs, principally furiousness for approxi-
mately 2il hours, were observed in about half the rabid 
animals. They were extremely aggressive, attempted to 
attack persons who approached, gnawed metal in their cages, 
and engaged in self-mutilation to the point of amputation 
in some cases. 
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The gray squirrels are less susceptible in natural 
infection with virus of bat origin. Half of rabid squirrels 
show aggressive behavior and suggest natural infection does 
occurr. Some would be expected to attack other animals and 
so spread infections between species (Winkler, W.G. et al. 
1972). 
Rabies in Rodents and Rabbits 
There are more than 1750 species of rodents (Rodentia) 
and rabbits (Lagomorphia) that are distributed throughout 
the world. They are the principle food of carnivorous 
animals. In endemic areas for rabies usually ground-living 
rod e nt.s have one to three percent infection rate. 
As a whole rodents and rabbits in the United States 
account for a persistent but small segment of the total 
number of animals reported rabid each year. Between 1905 
and 1973 rabies has been diagnosed in three rats, 11 rabbits, 
and one guinea pig (Cavia-Cavia), one gray squirrel (Sciurus 
Carolinensis) and one flying squirrel (Glaucomysvolans). 
With the exception of flying squirrels, all these cases 
occurred prior to 1938, and since FRA use was not available, 
the validity of diagnosis is questionable. 
It is difficult to find, catch, and prove the rabies 
in ground-living rodents, but ecologically it has been 
suggested that they form a most important reservoir of 
rabies. Experimental studies in Asia and Europe are defining 
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reservoirs of rabies among rodents (Irvin, D.A. 1970). 
Based on serological investigation, cotton rats (Sigmodon 
Hispidus) may be a possible reservoir in North America 
(Lebetkin, E.H. no date). 
Experimentally, chronic inapparent rabies in rodents 
has been recorded by several investigations. Liebetkin 
speculated that virus can circulate sublethally unless some 
kind of stress suppressed the animal's immunological capa-
city causing the virus to emerge in lethal form. A guinea 
pig was subjected to stress (crowding) after the seven 
months that it had survived from rabies inoculation. Six 
weeks later the animal died of the disease (Soave, O.A. et 
al. 1961)e 
Virus was recovered from saliva of the white rats 
(Rattus Norvegicus) and kangaroo rats (Dipodomys Merriami) 
but not from other species. Incubation period varied with 
the species and depended on doses of virus and was between 
10 to 75 days. Clinical signs included progressive ascending 
paralysis of three to six days duration, terminating in death. 
No aggressive behavior was observed. 
Since rabies in rodents is rare in the United States, 
}ublic Heal th Service has advised that ''bites of rabbi ts, 
squirrels, chipmunks, rats, and mice seldom, if ever, call 
for rabies prophylaxis." 
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Despite an estimated 24,000 bites per year requiring 
medical consultations, there has never been a case of human 
rabies in the United States attributed to exposure by these 
species (Winkler, W.G. 1972). ConsequenLly, the Florida 
Division of Health recommends that based on the rarity of 
incidents of naturally occurring rabies in rodents and rab-
bits in the United States as in Florida, and the complete 
absence of reports of human cases of rabies resulting from 
rodent and rabbit bites, rabies immunization should not be 
instituted in cases of rodent or rabbit bites unless extra-
ordinary considerations suggest the possibility of a greater 
than usual risk of rabies exposure. Any animal that exhibits 
bizarre behavior or obvious illness prior to a bite would 
suggest the possibility of greater than usual risk. This 
would be particularly true of free-ranging wild or recently 
captured and caged rodents indigenous to the . United States 
such as chip~unks and flying or gray squirrels that bite 
during an unprovoked attack. Such situations would warrant 
a laboratory examination of the immediately killed animal. 
On the other hand, many of the bites that occur during the 
feeding and handling of rodents and rabbits do not constitute 
a high risk. Caged pets such as white rats, mice, gerbils, 
hamsters, and guinea pigs are of little or no risk to the 
individual bitten. 
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Summary of Clinical Si gns and Symptoms in Rodents 
1. Dumb form seldom seen in wild rod ents. 
2. Those with furious form are extremely a ggressive. 
J. Normal behavior of certain rodent s under stress 
often confused with rabies. For example: 
a. Woodchucks and muskrats will attack i f av e nue 
of escape is blocked or if approached too closely . 
b. Lactating female ground squi r rel will a t t ack 
when person approaches den with young therein. 
4. Paralytic stag e relatively short. 
5. Period of symptoms is four to six days. 
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Rabies in Dogs and Cats 
Dogs dominated the animal rabies statistics until the 
mid-1950s after which they declined rapidly in importance. 
Currently they account for almost three percent of the total 
animal cas es in the United States (See Tables 17 and 18, 
G~aphs 12 through 17, and Figures 6 and 7). Cats never 
accounted for more than eight percent of the total cases but 
have increased in importance among the domestic animals. 
The percentage of dogs and cats examined for rabies and found 
with the infection has decreased •. Positive cases among dogs 
have gone from one in nine to one in 225. These changes 
probably are du~ to an actual decrease in rabies among these 
animals and also to increased concern by the general public 
since the number of dogs and cats submitted for examination 
has tremendously increased thereby diluting statistics. 
The first laboratory diagnosis of rabies in Florida in 
do g s took place in 1905 and cats in 1911. Almost all cat 
cases and many dog cases appear to be isolated incidents. 
Outbreaks happen each month of the year usually peaking in 
February and March among dogs and November in cats. There 
are no documented outbreaks of rabies . among cats. Scatterday 
and his associates believed this indicated that cats do not 
transmit the virus freely among themselves (Scatterday and 
Galton, 1954). 
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Prior to 1950 epizootic of dog rabies were not uncommon. 
Two documented epizootic canine rabies occurred near Tampa 
in 1946 and 1950. After 1956 sporadic cases of dog rabies 
have been reported throughout the state of Florida, averaging 
five cases per ye~r. Signs of furious rabies in dogs and 
cats usually follow closely the general indication with a 
change in disposition after the first evidence of the disease. 
Cats usually make sudden unprovoked attacks on any 
person, often from the rear, and mostly secure a grip with 
their teeth and hold on tenaciously, resulting in deep 
punctures. Rabid cats are considered highly dangerous. In 
do g s, viciousness is more apt to be first manifested toward 
strangers than owners (Bruner, D.W. et al. 1973). 
Cats usually remain in a given area but dogs often wander 
long distances and may swallow a variety of foreign objects. 
Rabid dogs usually have pupil dilation and dry corneas, and 
sometimes the animals are unable to close their eyes. Para-
lytic form of rabies is reported frequently in dogs but 
seldom in cats. Incubation period of the disease is between 
three to six weeks and very few after 16 weeks. The course 
of clinical disease rarely is longer than five days. Excep-
tionally there have been some reports of periods of clinical 
course as long as 11 days in dogs (Bruner, D.W. et al. 1973). 
During an outbreak mass immunization and increased 
elimination and impoundment of strays may be required. 
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Restrictive measures such as confinement and leashing may be 
suspended JO days after completion of a mass immunization 
program (at least ?Ofo of susceptible animals have been 
immunized). Stray animals should not be made available for 
adoption during the outbreak. This prohibition should be 
followed until all animals have completed a six-month 
quarantine. Vaccination and registration should be carried 
out prior to release of the animals. 
Dogs and cats which have been bitten by a known rabid 
animal should be destroyed. If the owner is unwilling , the 
exposed, unvaccinated animal should be placed in stri c t 
isolation for six months and should be vaccinated one month 
before being released. The dog which has been vaccinated 
within three years with MLV or one year with inac t ivated , 
and exposed to rabies should be revaccinated . immediately 
and restrained (leashing and confinement) for at least 60 
days, preferably 90 days. 
TABLE 17 
RE.P ORTED RABI ES CASES I N DO GS 
I N ThE UNITED STATES* AND FLORIDA 
1953-1 98 3 
1J O 
Year 
I 
United States 
I Percentage *1 Florida I percentaoe -** 
1953 I 5688 64.4 I 24 36.9 
1954 I 4083 56 23 I 25.3 
1955 2657 45.5 I 41 I 48.8 
1956 2592 44.3 10 I 15.6 
1957 I 1758 36.6 17 13.9 
1958 1643 I 34.1 14 22.9 
1959 111 g /7 4 1? 20.7 
1960 697 20.2 3 8.1 
1961 594 17.1 5 7.4 
1962 565 15 . .1 5 6.9 
1963 i 573 14.6 3 3.3 
1964 409 8.5 1 1 
1965 412 9 4 5.1 
1966 412 9.8 4 5.1 
1967 412 8.9 2 2.4 
1968 269 8.2 2 1.8 
1969 256 7.3 2 1.1 
1970 1 Ri:\ L1 R 1 ~ 1 
1971 ?~i:\ i; 1 1 1 1 
1972 ?1? i; ? t) t:; R 
1973 1 An 4 q ~ 7 
1974 232 7_/ n n 
1975 129 4 R ? ~-4 
1976 116 3.7 1 ] 
1977 120 3.8 1 1.1 
1978 119 3.6 1 2.1 
1979 196 3.8 3 3.8 
1980 247 3.8 4 4 
1981 216 3 1 0.9 
1982 153 2.4 2 2.5 
1983 132 2.3 1 
* Includes Guam, Puerto Rico, and the Virgin Islands 
** Percentage of total cases per year 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, f~ .D. 
TABLE 18 
REPORrf .till RABIES CASES I N CATS 
IN THE UNITED STATES* A( D FLOR IDA 
1953-1 98 3 
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Year I United States Percentage ** Florida percentaqe 
1953 I 538 6.1 2 3 .1 
1954 I 462 6.3 11 12.1 
1955 342 5.9 I 5 I 5.9 
1956 371 6.3 I 10 15.6 
1957 382 I 8 9 7.4 
1958 353 7.3 6 9.7 
1959 292 I 7.2 4 6.9 
1960 277 I 8 6 16.2 
1961 217 6.3 7 10.3 
1962 232 6. 2. 5 6.9 
1963 217 5.5 1 1.1 
1964 220 4.6 4 3.8 
1965 ?Rq f) 1 1 1. 3 
1966 252 6 1 
' 
3.8 
1967 293 6.4 5 6.1 
1968 157 4.3 2 1. 8 
1969 165 4.7 3 1. 7 
1970 135 4.1 3 3.1 
1971 222 5 3 3.9 
1972 184 4.1 6 6.9 
1973 139 3.8 1 2.3 
1974 121 3.8 0 0 
1975 104 3.9 0 0 
1976 106 3.4 3 3 
1977 108 3.4 2 2.1 
1978 96 2.9 1 2.1 
1979 156 3 5 6.3 
1980 214 3.3 3 3 
1981 285 3.9 7 6 
1982 209 3.3 1 1. 2 
1983 169 2.9 2 
* Includes Gua11, .Puerto Rico, and the Virgin Isl ands 
** Percentage of total cases per year 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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GRAPH 12 
MONTHL Y DISTRIBUTION OF 747 CASES OF DOG RABIES 
1910-1916, 19JJ-19J6 , AND 1955-1973 
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GRAPH 13 
MONTHLY DISTRIBUTION OF 132 CASES OF CAT RABIES 
1910-1916t 1933-1936, AND 1955-1973 
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GRAFH 14 
PERCENTAGE OF REPORTED CASES OF RABIES IN DOGS 
BY YEAR OF OCCURRENCE IN Tl-IE UNITED STATES 
1953-1983 
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54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 
Year of Occurrence 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, iv'I .D. 
p 
e 
r 
c 
e 
n 
t 
a 
g 
e 
0 
f 
c 
a 
s 
e 
s 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
195 
GRAPH 15 
PERCENTAGE OF RE.PORTED CASES OF RABIES IN CATS 
BY YEAR OF OCCURRENCE IN THE U1~ITED S'l1 ATES 
1953-1983 
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Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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GRAFH 16 
PERCENTAGE OF REFOR 1rED CASES OF RABIES IN DOGS 
BY YEAR OF OCCURRE NC E IN THE STATE OF FLORIDA 
1953-1983 
136 
55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 
54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 
Year of Occurrence 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshmati, M.D. 
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GRAPH 17 
fERCENTAG2 OF REPORTED CASES OF RABihS IN CATS 
BY YEAR OF OCCU RRENCE IN THE STATE OF FLORIDA 
195J-198J 
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Prepared by H. Heshmati, 11 .D. 
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FIGURE 6 
D Guam 
ID Hawaii · 
IL!l Alaska 
I~ Puerto ri co 
D Vi rg i n i s 1 and 
\ 
\. .~_;- -... 
· ,·~J 
Symbols are plotted at t ulation center of each count . 
Legend 
• 1-5 cases 
• 6-10 cases 
·EXAMPLE OF DISTRIBUTION OF RABIES IN· DOGS -•--->-----....-.....--
JANUARY - JUNE 1977 
Source: Rabies Surveillance Conputer Graphic Flot 
Continental United States 
Center for Disease Control 
D Guam 
ID Hawaii 
D Alaska 
C!J Puerto ri co 
D Virgin isl and 
139 
FIGURE 7 
Symbols are plotted at t ulation center of each count . 
Legend 
• 1-5 cases 
• 6-10 cases 
EXANIPLE OF DISTRIBUTION OF RABIES IN CATS '-•-.:...>..r....w.....l.l.W....u...~ 
JANUARY - JUNE 1977 
Sources Rabies Surveillance Computer Graphic Plot 
Continental United States 
Center for Disease Control 
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Rabies in Livestock 
The disease among livestock is probably under-reported, 
bu t it does occur sporadically as a result of rabid wild 
animals ·or dogs. Cows and horses are not known to transmit 
che disease among themselves. Between 1957 and 1973 the 
brains of J74 livestock were examined and positive diagnoses 
we re found in almost seven percent which is a greater amount 
than that of dogs and cats for the same period. 
In Florida the first positive laboratory diagnosis 
occurred in 1910 in a horse. The following year a mule was 
diagnosed. Rabies was reported during 1912 in cattle, 1915 
in pigs, and 1935 in goats. The most cases of cattle rabies 
we re reported between April and June (See Table 19, Graphs 
18 , 19, and 20, 1nd Figure 8). 
The incubation period is about three weeks but could be 
as short as lJ days. If the animal is slaughtered within 
seven days after exposure, it can be eaten without the risk 
of hunan infection. The person who slaughters and skins the 
animal should wear gloves and work carefully to prevent 
exposure from the wound area. Tissue from the bite area 
should be discarded. Drinking pasteurized milk or eating 
meat completely cooked does not constitute a rabies exposure. 
Transplacental transmission of the virus in cattle has 
b e en documented (Mertell, M.A. et al. 197J). 
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Summary of Symptoms and Sign of Rabies in Livestock 
Cattle: 
1. Restless, excitable with periodic attacks on objects. 
2. Will butt or stand and push with head such objects 
as posts, trees, or buildings for protracted intervals. 
3. Some remain solitary from the herd. 
4. Alert, hearing normal, eyes wide and ears pointed 
forward. 
5. A hoarse bellow, sporadic or continual, from several 
hours to days following onset of symptoms. 
6. Excessive sexual desire. 
7. Intense itching at site of exposure or elsewhere 
sometimes causes animal to rub area raw. 
8. Tremors and muscle contractions most noticeable in 
skin, ears, and tail. 
9. Case rumination throat muscles often paralyzed, 
giving appearance of choke. 
10. Grind teeth and salivate. 
11. Blindness sometimes develops. 
12. Animals often twist head around onto shoulder for 
prolonged periods. 
13. Lameness, incoordination in hindquarters followed 
by paralysis and death. 
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Sheep and Goats: 
1. About same as cattle but usually lack excitability. 
2. Feet stamped continuously. 
3. Increased sexual desire characterized by "riding " 
other animals. 
4. Gnawing and licking wound sometimes noted. 
5 • .Paralysis and death varies with the individual. 
Horses: 
1. Intense itc hi ng of wound due to bite. 
2. Excitable; will bite at manger, any animal within 
reach, or themselves. 
3. Periods of excitability are sporadic. 
4. Paralysis and death in five to ei ght days. 
Pigs: 
1. May be very aggressive periodically. 
2. Squealing sometimes accompanies restless period . 
3. Several other diseases easily confused with rabies. 
4. ~remors of head and forequart ers oft en develop 
prior to paralytic stage. 
Under normal conditions livestock are not vaccinated 
for rabies, but may be implemented if. there is e pi zootic of 
bat, dog, or skunk. The ERA (SAD) strain of vaccine is very 
effective in protecting cattle. The singl e intramuscular 
injection of vaccine provides the three-year i mmu nity. 
TABLE 19 
REPORTED RABIES CASES I N FARM ANIMALS 
I ~ THE UNITED STATES* AND FLOR I DA 
195J-198 J 
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Year I United States I Percentage *1 Florida I percentaoe _. ** 
1953 I 1118 12.7 I 5 7.7 
1954 1032 I 14.3 17 18.7 
1955 924 15.8 I 4 I 4.8 
1956 704 I 13.9 5 7.8 
1957 I 714 I 14.9 7 5.7 
1958 737 15.3 2 3.2 
1959 751 14.4 2 3.4 
1960 645 18.7 1 2.7 
1961 482 I 13.9 1 1. 5 
1962 614 I 16. 5. 1 1.4 
1963 513 13 1 1.1 
1964 594 12.4 0 0 
1965 625 13.6 0 0 
1966 587 14 0 0 
1967 691 15 1 1. 2 
1968 457 12.6 1 1 
1969 428 12.1 2 1.1 
1970 399 1?. ·? 2 2 
1971 4R4 11 0 0 
1972 547 10.3 1 1.1 
1973 448 12.1 ·O 0 
1974 303 C) .. s 1 2 
1975 200 7.5 2 5.4 
1976 198 6.3 0 0 
1977 217 6.8 0 0 
1978 254 7.7 0 0 
1979 284 5.5 1 1. 3 
1980 499 7.7 2 2 
1981 581 8 1 0.9 
1982 381 6 0 0 
1983 282 4.8 1 
* Includes Guam, Puerto Rico, and the Virgin Isla nds 
** Percentage of Total Cases per Year 
Source: Case reported by Center for Disease Control 
Prepared by H. Heshma ti, 1'1.D. 
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GRAPH 18 
FERCEi~TAGE OF RE.PORTED CASES OF RABIES Il FARM ANI1v'1ALS 
BY YEAR OF OCCURRENCE IN THE UNITED STATES 
1953-1983 
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GRAFH 19 
PERCENTAGE OF REPORTED CASES OF RABIES IN FARM ANIMALS 
BY YEAR OF OCCURRENCE IN THE S1J:' ATE OF FLORIDA 
1953-1983 . 
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GRAPH 20 
MONTHLY DISTRIBUTION OF 42 CASES 
OF CATTLE RABIES IN FLORIDA 
1953-1973 
J ,f M A M J J A S 0 N D 
Source: State of Florida Monograph #14 
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D Guam 
D Hawaii 
D Alaska 
D Puerto ri co 
D Virgin island 
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FIGURE 8 
Symbols are plotted at t ulation center of each count . 
Legend 
• 1-5 cases 
• 6-10 cases 
. ) 
EXAMPLE OF DISTRIBUTION OF RABIES IN CATTLE 
JANUARY - JUNE 1977 
Source: Rabies Surveillance Computer Graphic Flot 
Continental United States 
Center for Disease Control 
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